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I OU 7 Revised Work Plan Executive Summary 

EXECUTIVE SUMMARY 

Ths Operable Umt (OU) No 7 Revised Work Plan Techcal  Memorandum presents the 
I findings of the Phase I Resource Conservation and Recovery Act (RCRA) facility 

investigationhemedial investigation (RFIM), the results of the data quality objectives (DQO) 
process, whch identify the type, quantity, and quality of data needed to make decisions about 
remedial actions at OU 7, and the samplmg and analysis plan developed for the collection of 
these additional data These activities are pursuant to the Interagency Agreement (IAG) signed 
by the U S Department of Energy (DOE), the Colorado Department of Health (CDH), and the 
U S Enwonmental Protection Agency (EPA), whch addresses RCRA and Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) issues CDH is the lead 
regulatory agency at OU 7 

I 

I 

OU 7 is one of the 16 OUs at the Rocky Flats site in Jefferson County, Colorado Each OU is 
made up of a number of individual hazardous substance sites (IHSSs) OU 7 compnses the 
Present Landfill (IHSS 114), the Inactive Hazardous Waste Storage Area (IHSS 203), and the 
East Landfill Pond and adjacent spray evaporation areas 

Operation of the Present Landfill (IHSS 114) for disposal of nonradioactive solid waste began in 
1968 and cnll continue until the anticipated date of closure in 1997 Because records indicate 
that some hazardous waste was disposed in the landfill, it was designated as an intenm status 

RCRA-regulated u t  Tntium and strontium were detected in leachate drsunmg from the landfill 
in 1973 Intenm response activities included construction of a surface-water diversion ditch 
around the penmeter of the landfill, two detention ponds immediately east of the landfill (West 
Landfill Pond and East Landfill Pond), a svbsurface intercept system for divertlng groundwater 
around the landfill, and a subsurface leachate-collection system Spray evaporabon of water 
from the East Landfill Pond is conducted to prevent overflow of the pond and release of water 
downstream and to protect surface water and groundwater in the viciruty of the landfill 

The Inactive Hazardous Waste Storage Area (IHSS 203), located at the southwest corner of the 
Present Landfill, was used for storage of drummed liquids and solids in 1986 and 1987 It was 
also included as an intern status RCRA-regulated unit in the November 1986 RCRA Part B 
permit application for Rocky Flats Because it is located wthm the Present Landfill, it cnll be 
remediated to meet requrements for closure of the unit at the same time as the landfill 
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A presumptive remedy strategy for streamlined site charactenzation and site remediation has 
been adopted by DOE, CDH, and EPA for the Present Landfill Source containment is the 
designated presumptive remedy for municipal landfills and consists of the followng elements 
institutional controls, a landfill cap, gas collection and treatment, leachate control, and leachate 
collection and treatment Thrs streamlined approach, whch is consistent wth Colorado 
Hazardous Waste Act (CHWA) closure requirements and is supported by guidance in the 
National Contmgency Plan, eliminates the need for imtial identification and screerung of 
alternatives dmng the feasibility study and allows for acceleration of the schedule to implement 
remedial actions and acheve final closure Data needed for the design of the presumptive 
remedies, assessment of the nature and extent of groundwater contamination, and the nsk 
assessment will be collected in accordance with the sampling and analysis plan included in thls 
document 

Data collected dmng the Phase I RFI/RI have undergone ngorous review and data-quality 
evaluation Approximately 87 percent of the records have been reviewed and evaluated in 
accordance wth EPA procedures for the documentation and validation of Level IV and V data 
Less than 3 percent of these records have been rejected The valid data are considered usable for 
site charactenzation, human health and environmental nsk assessments, remedial alternative 
evaluation, and engineenng and remedial action design Histoncal data collected from 1990 
through 1993 were not evaluated, their usability was determined from laboratory qualifiers and 
validation codes 

The OU 7 Revised Work Plan Techcal Memorandum descnbes the site physical features, 
meteorology and climate, soils, geology, hydrogeology, surface-water hydrology, and ecology to 
charactenze OU 7 wthm the Rocky Flats site framework Results of the Phase I RFIRI show 
that leachate wthln the landfill is pnmmly recharged by precipitation through the intenm soil 
cover matenal However, groundwater does flow under the intercept system on the north side of 
the landfill 

Results of the Phase I pFI/RI were also used to charactenze the pnmary sources of 
contamination at OU 7, whlch include landfilled wastes and associated leachate and gas The 
landfill covers an area of approximately 27 acres The total volume of landfilled matenal 
including soil cover is approximately 415,000 cubic yards, the volume of waste is 291,000 cubic 
yards Composition of landfill gas generated by waste degradation is typically 45 to 70 percent 
methane and 20 to 40 percent carbon dioxide indicating anaerobic conditions Concentrations of 
methane and carbon dioxide are lughest in the eastern portion of the landfill where wastes are 
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thickest and youngest Approximately 96,000 cubic yards of landfill gas occupy the void and 
pore spaces in the landfill In general, landfill-generated gases appear to be contamed wthin the 
existing intercept system Leachate is a product of natural biodegradation, infiltration of 
precipitation, and migration of groundwater through waste Approximately 5,756,000 gallons of 
leachate is present wthin the landfill Methane concentrations in leachate range from 0 003 to 
31 4 milligrams per liter Concentrations of volatile orgmc compounds (VOCs) are vanable 
throughout the landfill 

Chemical concentration data from vanous environmental media sampled at OU 7 were evaluated 
wth the followng two distmct objectives to identifj potential contanhants of concern 
(PCOCs) and to descnbe the nature and extent of contamination Data from OU 7 samples were 
compared to data from background samples for each media Statistical cornpansons for PCOC 
identification consisted of the followng steps (1) a hot-measurement test, (2) the Gehan Test, 
(3) the Quantile Test, (4) the Slippage Test, (5) the t-test, and (6) professional judgment 
Analytes having concentrations elevated relative to background concentrations, as indicated by 
any of the statistical tests, are considered PCOCs Histograms and box-and-whsker plots were 
generated for each analyte from each media type for both site and background data 
Isoconcentration maps were generated to evaluate the spatial distnbution of contaminants 

On the basis of statistical evaluations, the followng PCOCs were identified in surface soils from 
IHSS 203 calcium, copper, radium-226, amencium-241, and uran~um-235 Amer~clum-24 1 and 
urmum-23 5 activities exceeded the UTL99,99 value, calcium, copper, and radium-226 were 
identified using the inferential statistical tests PCBs were detected at low concentrations in 
approximately 20 percent of the soil samples from IHSS 203 and are also considered PCOCs 
PCOCs identified in surface soils from IHSS 114 include calcium, copper, strontium-89,90, and 
gross beta 

Calcium, strontium, and radium-226 were identified as PCOCs in surface soils from the East 
Landfill Pond based on results of the inferential statistical tests Arsemc, banum, calcium, lead, 
magnesium, selemum, sodium, vanadium, zinc, amencium-24 1, radium-226, and mtratehitnte 
were identified as PCOCs based on UTL99199 cornpansons These exceedances were generally in 

the range of 2 to 3 times the maximum background concentration However, the activity of one 
sample was 27 times the maximum background activity for amencium-241 Radionuclides 
exceeded background activitles only in the 0- to 2-inch soil honzon 

Seven radionuclides (amencium-24 1, cesium-1 37, gross beta, radium-226, radium-228, uranium- 
235, and urmum-228) were identified as PCOCs in surficial geologic matenals upgradient of 
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OU 7, radium-226 was identified as a PCOC in upgradient bedrock matenal Cesium-137 and 
urmum-238 were identified as PCOCs in surficial deposits located near the north groundwater 
intercept system discharge point Urmum-238 was also identified as a PCOC in surface water 
from the intercept system discharge These data suggest that the north groundwater intercept 
system discharge water may be a source of uranium-238 to geologic matenals downgradient of 

the landfill However, the ultimate source of urmum-238 may be located upgradient of the 
landfill, as indicated by the upgradient borehole data 

Statistical compmsons of East Landfill Pond sediments to background stream sediments 
identified metal, radionuclide, and inorgaruc analytes at concentrations sigmficantly elevated 
with respect to background concentrations In addition, 1 5 semivolatile organrc compounds 
(SVOCs) were detected in East Landfill Pond sediments collected near the leachate seep Their 
presence indicates that SVOC contamination of East Landfill Pond sediments has probably 
occurred Cesium-137 was the only radionuclide found at activities hgher than background 
The hlghest activities of cesium-137 and other radionuclides were present in the sample collected 
from the west end of the pond, closest to the leachate seep 

VOCs and SVOCs were detected in surface-water samples from the leachate seep The VOCs 
include benzene, toluene, ethylbenzene, xylene (BTEX) and chlonnated hydrocarbons Tntium 
activities were elevated relative to background activities in water from the leachate seep, the East 
Landfill Pond, and the southern groundwater-intercept discharge Amencium-24 1 was elevated 
above background in water from the East Landfill Pond, south groundwater-intercept discharge, 
and the north groundwater-intercept discharge Urmum-235 and uraruum-238 were both 
elevated relative to background in water from the pond, and the north discharge point, only 
uranium-238 was elevated above background in water from the south discharge point As may 
be expected, water in the East Landfill Pond is similar in quality to water from the leachate seep 
and from the groundwater intercept system However, VOCs and SVOCs were detected more 
frequently in seep water 

Groundwater in the UHSU at OU 7 contains metals, radionuclides, organrc parameters, and 
nitrates at concentrations hlgher than background Sources of radionuclides and chlorinated 
hydrocarbon contamination to UHSU groundwater may be located upgradient of the landfill and 
within IHSS 166 1 (wthin OU 6) The landfill appears to be the pnmary source of metals and 
BTEX compounds PCOCs were identified in groundwater from the LHSU However, in LHSU 
groundwater collected downgradient of the landfill, radionuclide and VOC concentrations were 
not sigmficantly hgher than concentrations in LHSU groundwater from background wells 

~~~ ~ 
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The DQO process presented in the Intenm Final Guidance for P l m n g  for Data Collection in 
Support of Envlronmental Decision Makmg Using the Data Quality Objectives Process (EPA 
1993c) was used to identi@ the type, quantity, and quality of data needed to make decisions 
about remedial actions at OU 7 For the purpose of streamlined site charactenzation and site 
remediation, OU 7 has been divided, roughly by media, into three decision-malung areas East 
Landfill Pond sediments and soils in spray evaporation areas adjacent to the pond, groundwater 
and surface water, and the Present Landfill and IHSS 203 

In order to detemne whether or not remediation of East Landfill Pond sediments and adjacent 
soils is reqwed, it is necessary to determine if concentrations of contaminants present nsk to 
human health or the environment and, if so, the appropnate response action No additional data 
are needed to define the nature and extent of contamination in soils, but additional soil sampling 
and analysis wll  be required to support the nsk assessment PCOCs were identified in soils 
based on statistical compmsons and the hot-measurement test UTL exceedances in soils were 
randomly distnbuted across the site Additional sampling and analysis is recommended to venfy 
the UTL exceedances and to descnbe contaminant distnbution around sample locations where 
PCOC concentrations exceeded an applicable or relevant and appropnate requirement (ARAR) 
or preliminary remediation goal (PRG) value No additional sampling of pond sediments is 
recommended because the available data already support a decision to take remedial actions 

A response action for contaminated surface water in the East Landfill Pond has already been 
developed Under the presumptive-remedy strategy, the East Landfill Pond w11 undergo clean 
closure Surface water in the pond w11 have to meet requirements for delisting and wl l  probably 
be pumped to a treatment facility at the site The surface-water data currently avadable are 
sufficient to determine whether or not surrace-water quality meets requirements for delisting 

The presumptive remedy does not address the long-term groundwater response action In order 
to fully descnbe impacts to groundwater resulting from contaminant releases from the landfill 
and to detemne whether or not these impacts require a response action, the concentrations of 
PCOCs must be compared to ARARs Awlable data indicate that some PCOCs clearly exceed 
ARARs in groundwater from the upper hydrostratigraphc utut (UHSU) and remediation of 
groundwater will be required However, the full extent of groundwater contamination has not 
been descnbed Therefore, the installation of additional wells at four locations is recommended 
to charactenze potential contaminant migration pathways and improve descnptions of 
contaminant distnbution 
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Presumptive remedies dictate the remedial actions that will be taken at the Present Landfill and 
IHSS 203 and additional chemical charactenzation of affected media in those areas is not needed 
to make decisions about remediation Other types of information wl l  be reqmred to design the 
landfill cap and the control systems for ladfill-generated gas and leachate The collection of soil 
samples to charactenze the physical properties of the intenm soil cover matenal is recommended 
to provide the additional data needed 

The specific objectives of the Phase I1 field investigation include the followng 

VenQ analyte concentrations in surface soils around the East Landfill Pond at locations 
where PCOC concentrations exceeded the UTL99,99 value Collect samples from the 0- to 2- 
inch honzon at 34 locations and the 0- to 10-inch honzon at 10 locations Collect one sample 
per location 

Investigate the distnbution of analytes in surface soils around the East Landfill Pond where 
analyte concentrations exceeded drafl PRGs to delineate the area of soil contammation 
around each hotspot Collect samples from the 0- to 2-inch honzon at 10 locations and the 0- 
to 10-inch honzon at two locations Collect four samples per location Collect samples 25 
feet fiom the onginal sample location where soils exceeded draft PRGs, one each to the 
north, south, east, and west of the onginal location 

Evaluate the effectiveness of the groundwater intercept system north of the landfill by 
installing two alluvial wells, one on each side of the system Measure water levels at each 
well Collect groundwater samples monthly for four months to charactenze groundwater 
quality further 

Delineate the extent of UHSU groundwater contamination on the southeast side of the East 
Landfill Pond by installing one well in weathered bedrock Collect groundwater samples 
monthly for four months to charactenze groundwater quality Perform a drawdown recovery 
test to estimate the hydraulic conductivity of the screened unit 

Delineate the extent of UHSU groundwater contamination on the north side of the East 
Landfill Pond downgradient of IHSS 167 1 by installing one well in alluvial matenals 
Collect groundwater samples monthly for four months to charactenze groundwater quality 
Perform a drawdown recovery test to estimate the hydraulic conductivity of the screened umt 

Delineate the extent of groundwater contamination in the UHSU, determine the presence or 
absence of contamination in the LHSU, and improve the momtonng network along No Name 

-~~ ~ 
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Gulch by installing a group of three wells downgradient of the existing compliance wells and 
one well farther down No Name Gulch Screen the group of wells across valley-fill 
alluvium, weathered bedrock, and bedrock Screen the single well across valley-fill 
alluvium Collect groundwater samples monthly for four months to charactenze groundwater 
quality Perform drawdown recovery tests to estimate the hydraulic conductivity of the 
screened units 

0 Charactenze the intenm soil cover matenal for use in landfill cap design Collect surface soil 
samples at 27 locations Measure physical properties of the soil, including standard proctor 
density, gram size, Atterberg limits, zn situ moisture content, and UncoMined compressive 
strength 

Data collected durrng the Phase I1 investigation will be used to determine the contaminants in 
surface soils that present a nsk to human health and the environment and the appropnate 
response action required to reduce those nsks, descnbe the impacts to groundwater resulting 
fiom contaminant releases fiom the landfill and determine whether or not these impacts require a 
response action, support closure of the Present Landfill under CHWA and RCRA, design the 
landfill cap, leachate control system, leachate collection and treatment system, and gas collection 
and treatment system, and meet the IAG milestone of July 1997 for IM/IR4 implementation 
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1 INTRODUCTION 

Operable Umt (OU) No 7 is one of 16 OUs at the Rocky Flats Site in Jefferson 
County, Colorado Each OU is made up of a number of individual hazardous substance 
sites (IHSSs) OU 7 compnses the Present Landfill (IHSS 114), the Inactive 
Hazardous Waste Storage Area (IHSS 203), and the East Landfill Pond and adjacent 
spray evaporation areas 

As a result of the produchon of nuclear weapon components, processing of radioactive 
substances, and fabncation of metals, hazardous substances have seen released at the 
Rocky Flats site A Phase I Resource Conservation and Recovery Act (RCRA) facility 
investigationhemedial investigation (RFIRI) was conducted at OU 7 in 1992 and 1993 
to charactenze the site physical features, descrlbe contarmnant sources, and determine 
the nature and extent of contamination in soils resulting fiom such releases Data 
obtamed dmng the Phase I RFI/RI, along wth existing data, were to be used for 
developing and screerung remedial alternatives and estimating the nsks to human 
health and the environment posed by contaminant sources wthm OU 7 A Phase I1 
RFI/RI was subsequently planned to charactenze the nature and extent of 
contamination in surface water, groundwater, and air and evaluate contaminant 
migration pathways 

These activities were imtiated pursuant to an Interagency Agreement (IAG) among the 
U S Department of Energy (DOE), the U S Environmental Protection Agency (EPA), 
and the Colorado Department of Health (CDH) dated January 22, 1991 (DOE 1991a) 
The IAG program developed by DOE, EPA, and CDH addresses RCRA and 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) 
issues that pertam to the site CDH is the lead regulatory agency at the site 

Pnor to completion of the Phase I RFIM and initiation of Phase 11, the focus of 
investigations at OU 7 changed due to the adoption of a presumptive-remedy strategy 
for streamlined site charactenzation and site remediation by DOE, CDH, and EPA 
Source containment is the designated presumptive remedy for murucipal landfills (EPA 
1993a) The contamment presumptive remedy consists of the followng elements 
institutional controls, a landfill cap, landfill gas collection, source area groundwater 
control, and leachate collection and treatment, if necessary I k s  streamlined approach, 
whch is consistent wth Colorado Hazardous Waste Act (CHWA) closure reqwrements 
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1 1  

1 2  

supported by guidance in the National Contingency Plan (NCP) and recent EPA 
guidance for landfills (EPA 1991% EPA 1993% EPA 1993b), eliminates the need for 
irutial identification and screemng of aternatives dmng the feasibility study and 
allows for acceleration of the schedule to implement remedial actions and acheve final 
closure As a result o f  this strategy, the Phase I RFI/RI report and comprehensive 
baselme nsk assessment are no longer required Data needed for the design o f  the 
presumptive remedies, an assessment o f  the nature and extent o f  groundwater 
contammation, and a focused nsk assessment w l l  be collected m accordance w t h  the 
sampling and analysis plan included in thls document Fieldwork w l l  be followed by 
preparation o f  an mtenm measure/intenm remedial action (IM/IRA) decision document 
and fmdly, implementation o f  the I M R A  

Purpose of Report 

Thls OU 7 Revised Work Plan Techrucal Memorandum presents the findings o f  the 
Phase I investigation, the results o f  the data quality objective (DQO) process used to 
identi@ the type, quantity, and quality o f  data needed to make decisions about remedial 
actions at OU 7, and the sampling and analysis plan developed to collect these data 

Organization of Report 

This section presents background information regarding the locations and operational 
hstones o f  the IHSSs and associated areas that make up OU 7 (Section 1 3 )  and 
discusses previous investigations at the site (Section 1 4) Section 2 presents the site 
charactenzation, including surface features, meteorology and climate, soils, geology, 
hydrogeology, surface-water hydrology, and ecology Section 3 discusses data quality 

and usability Section 4 presents the process for identifjmg potential contaminants o f  
concern (PCOCs), including the methodologies for aggregatrng data and companng site 
data to background data, presents the PCOCs at OU 7 based on assessment o f  existing 
data, and discusses the nature and extent o f  contarmnation Section 5 discusses the 
DQOs for additional sampling Section 6 presents the sampling and analysis plan 
(SAP) Section 7 presents the quality assurance (QA) and quality control (QC) 
objectives for data collection, analysis, validation, and reporting Section 8 presents 
references cited in the report 

Supporting data are included in the appendices to the report Appendix A presents 
tables listing hazardous and nonhazardous waste streams disposed in the landfill pnor 

~~ ~ ~ ~ 
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to 1986 Appendix B contams selected as-built drawngs o f  the groundwater intercept 
system Appendix C summanzes the Phase I RFIRI field investigation Appendix D 
presents cone penetration test profiles and interpretations Appendix E presents 
borehole logs in LOGGER format Appendix F contams well construction diagrams 
Appendix G presents Phase I RFIRI field data electromc format Appendix H presents 
drawdown recovery test data and analytical solutions in hard copy and electromc 
format Appendix I contams input data and calculations for the water balance 
Appendix J presents data-quality tables Appendix K contams box plots for each 
analyte by media Appendix L presents histograms for each analyte by media 
Appendix M presents the results o f  statistical analyses Appendix N presents OU 7 
analytical data in electromc format 

1 3  Background 

The Rocky Flats site is located in northern Jefferson County, Colorado, approxunately 
16 miles northwest o f  Denver (Figure 1-1), and compnses approximately 6,550 acres o f  
land in Sections 1 through 4 and 9 though 15 o f  Townshlp 2 South, Range 70 West, 6th 
Pnncipal Mendian Major buildings are located withm the industnal area, which 
encompasses approximately 400 acres The industnal area is surrounded by a buffer 
zone o f  approximately 6,150 acres 

Until January 1992, Rocky Flats was operated as a nuclear weapons research, 
development, and production plant Nuclear weapon components were fabncated from 
plutomum, uranium, beryllium, and stamless steel Parts made at the plant were 
shpped elsewhere for assembly Support activities conducted at the plant included 
chemical recovery and punfication of recyclable transurmc radionuclides and research 
and development in metallurgy, machining, nondestructive testing, coatings, remote 
engineenng, chemistry, and physics (Rockwell International 1987a) Both radioactive 
and nonradioactive wastes were generated in the production process and were either 
stored or disposed on the site 

The Rocky Flats site is currently in transition from a defense production facility to a 
facility whose planned future missions include environmental restoration, waste 
management, mamkumng production contingency, and eventual decontamination and 
decommissiomng The preliminary assessment performed under the DOE 
Environmental Restoration program identified some o f  the past onsite storage and 
disposal locations as potential sources of  environmental contamination (DOE 1986) 
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Additional information regarding histoncal plant operations, production activities, past 
waste disposal practices at Rocky Flats, and previous investigations not directly related 
to OU 7 are provided in the OU 7 Phase I work plan (DOE 199 1 b) 

Ths  report addresses investigations at OU 7, which is located north of the plant 
complex on the western end of No Name Gulch (Figure 1-2) OU 7 encompasses 
approximately 44 acres (Figure 1-3) The Present Landfill and the Inactive Hazardous 
Waste Storage Area were assigned IHSS (formerly solid waste management u t  
[SWMU]) reference numbers by Rockwell International (1987a) and were grouped 
together and designated as OU 7 D u n g  199 1, the boundary of OU 7 was modified to 
include the East Landfill Pond and adjacent spray evaporation areas whch were not 
included in OU 6 The locations of two of the spray fields in OU 6 (IHSSs 167 2 and 
167 3) were changed based on histoncal research, including a review of files and 
photographs from the Rocky Flats site repository and employee interviews conducted 
for the hstoncal release report, and now fall w t h n  the OU 7 boundary (DOE 1992a) 
The updated locations of IHSSs 167 2 and 167 3 directly overlie the area investigated 
dmng the Phase I RFI/RI for OU 7, and discussions of results relevant to these IHSSs 
are included in h s  report 

Section 1 3  1 presents details of the IHSS locations and operations Section 1 3 2 
summarizes the regulatory hstones of these IHSSs Section 1 3 3 discusses physical 
features of the landfill and intenm response actions for OU 7 

1 3 I Description and Operational History of OU 7 

The background and physical setting of the Present Landfill, Inactive Hazardous Waste 

Storage Area, and East Landfill Pond and adjacent spray evaporation areas composing 
OU 7 are discussed below Also located within No Name Gulch are OU 6 IHSSs, 
includmg trenches A, B, and C (IHSSs 166 1, 166 2, and 166 3, respectively) 
Trenches A and B received urmum- andor plutomum-contaminated sludge from the 
sewage treatment plant (Building 995) from approximately 1964 to 1974 The 
matenals placed in Trench C are not known, but it is probable that sewage sludge was 

placed withm this trench More information regarding the operational hstory of these 
IHSSs is presented in the Phase I RFIM Work Plan for Operable Umt 6 - Walnut 
Creek Pnonty Dramage (OU 6 work plan) (DOE 1992b) 
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1 3 1 1 Present Landfill (IHSS 114) 

Operation of the Present Landfill began on August 14, 1968, and is expected to 
continue until the anticipated date of closure in 1997 A portion of the natural dramage 
was filled with soils fiom an onsite borrow atea to a thckness of up to 5 feet to 
construct a surface on whch to start landfilling Waste was then delivered to the 
landfill and spread across the work area Disposal procedures at the landfill have not 
changed sigmficantly since the landfill went into operation (DOE 199 1 b) The landfill 
was ongmally constructed to provide for disposal of nonradioactive solid wastes 
However, the cntena used hstoncally to define nonradioactive matetlal is not known 

In 1973, after tntium and strontium were detected tn leachate dramng from the landfill, 
Health Physics Operations imtiated a radiation momtonng program to prevent M e r  
inadvertent disposal of radioactive matenal Pnor to compaction and bmal at the 
landfill, the waste matenal is screened wth a Bicron Analyst FIDLER, whch is a field 
instrument for detecting low-energy radiation Any radioactive items are returned to 
the building of ongin for disposal (DOE 1992a) After radiation momtonng is 
completed, the waste layer is compacted and covered wth  6 inches of soil fiom onsite 
stockpiles Waste disposal operations continue in h s  manner until the waste layer is 
wthin 3 feet of a predetermined elevation The lift is then completed wth the addition 
of a 3-foot-hck layer of compacted soil Based on visual observation (Rockwell 
International 1988a), some areas of the landfill surface may not have received a full 
3-foot layer of compacted soil 

Other than momtonng for radioactivity, little testing was performed to characterize the 
landfilled wastes pnor to 1986 In 1986, waste streams generated at the plant were 
charactenzed under the Waste Stream Identification and Charactenzation (WSIC) 
program (Rockwell International 1986a, 1986b, 1986c, 1986d, and 198%) Beginning 
in 1989, waste streams generated at the plant were charactenzed under the Waste 
Stream Residue Identification and Charactenzation (WSRIC) program More detailed 
charactenzation and analytical testing of Rocky Flats waste streams are currently being 
performed under the WSRIC program Section 4 discusses M e r  the composition of 
landfilled wastes 
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1 3 1 2 Inactive Hazardous Waste Storage Area (IHSS 203) 

The Inactive Hazardous Waste Storage k e a  is located at the southwest comer of the 
Present Landfill (Figure 1-3) Thls area was actively used between 1986 and 1987 as a 
hazardous waste storage area for both drummed liquids and solids (Rockwell 
International 1988b) Fifty-five-gallon drums contaimng liquids were stored in 14 
cargo contamers One additional container was used to store spill-control items such as 

oil sorbent and sorbent pillows 

At maximum inventory, the hazardous waste area consisted of eightk20-foot-long cargo 
containers, each capable of holding 18 55-gallon drums, and six 40-foot-long cargo 
conwners, each capable of holdlng 40 55-gallon drums Fifty-five-gallon drums were 
placed and conveyed w i h n  the cargo contamers on rollers constructed of alumlnum 
Two conveyors extended along the full length of the cargo contamer A 3-foot-wde 
aisle extended down the center of the cargo container to permit access and inspection 
The rollers elevated the drums approximately 2 inches above the catch-basin floor 

The cargo containers were modified to meet the requirements for secondary 
contamment in accordance wth 6 Colorado Code of Regulations (CCR) 1007-3 
Section 264 175 Containers were fitted wth signs, a r  vents, electrrcal grounding, and 
locks A catch basin, constructed of 11-gauge steel wth a welded steel nm and a 
mimmum height of 6 inches, was placed w h n  each cargo container to contain spills 
The basins, as designed, were capable of contsumng at least 10 percent of the total 
volume of hazardous waste stored wthin the cargo containers Drummed solids in 
55-gallon containers were placed outside the cargo contamers on the ground surface 

Total hqud storage capacity for the 14 cargo contamers was 21,120 gallons The 
maximum inventory recorded for all wastes, including solids, is not known Because 
wastes were transferred between drums for consolidation, small spills may have 
occurred, however, no spills of reportable quantities occurred in th~s area dmng 
transfer operations (Rockwell International 1988b) 

RCRA-listed wastes were stored in 12 of the 14 cargo containers and included solvents, 
coolants, machning wastes, cuttings, lubncating oils, orgmcs, and acids No 
information is avadable regarding the separation of waste types between the individud 
cargo contamers Two of the 20-foot-long cargo contamers also were used to store 
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polychlonnated biphenyl (PCB)-contaminated soil and debns, as well as 

PCB-contaminated oil from transformers taken out of service (Baker 1988) 

Durvlg the first week of May 1987, all cargo containers were removed from the 
Inactive Hazardous Waste Storage Area Hazardous matenals are no longer stored at 
the site 

I 1 3 1 3 East Landfill Pond Spray Evaporation Areas 

Spray evaporation of water from the East Landfill Pond along the north and south 
banks of the pond began in approximately May 1974 and continues as necessary 
Spray evaporabon is conducted to prevent ovefflow of the pond and release of water 
downstream and to protect surface water and groundwater in the vicinity of the landfill 
(DOE 1992a) 

Two discrete spray evaporation areas have been identified wthm OU 7 The Pond 
Area Spray Field (IHSS 167 2) and South Area Spray Field (IHSS 167 3) are located 
along the north and south banks of the East Landfill Pond immediately above the water 
line (DOE 1992a) and were investigated as part of the Phase I RFI/RI for OU 7 
Dimensions of the spray fields are approximately 100 feet by 460 feet for IHSS 167 2 
and 120 feet by 440 feet for IHSS 167 3 

I 

1 3 2 Regulatory History of OU 7 

Since the landfill opened in 1968, operations have continuously evolved in response to 
state and federal regulations Pnor to the IAG, both IHSS 114 and IHSS 203 were 
subject to RCRA regulations because of ongoing disposal and/or storage of hazardous 
wastes related to production operations For th~s reason, these w t s  were included in 
the November 1986 RCRA Part B permit application for Rocky Flats With the 
sigmng of the IAG, IHSS 114 and IHSS 203 were incorporated into OU 7 The IAG 
integrates both RCRA and CHWA closure and corrective action obligations and 
CERCLA response obligations that apply to OU 7 Additional detzuls of the regulatory 
hstory of IHSSs 114 and 203 are discussed below 

1 3 2 1 Present Landfill (IHSS 114) I 

The landfill was onginally constructed for disposal of noncontaminated solid wastes I 
In October 1972, the policies concemng disposal of waste at the landfill were reviewed I 
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and judged to be in accordance wth applicable state and federal regulations (Rockwell 
International 1988a) 

DOE issued additional guidelines in February 1973 to control bmal of solid and liquid 
wastes in the landfill Detectable contaminant concentrations were established for 
specific radioactive matenals, such as plutonium, in both solid and liquid phases In 
the fall of 1973, Health Physics Operations began its program of monrtonng the waste 
for radiation in response to the DOE guidelines 

In July 1977, DOE established guidelines wd procedures for solid waste management, 
in accordance wth 40 Code of Federal Regulations (CFR) 241 (Rockwell International 
1988a) Guidelines for waste disposal were redefined to prevent disposal of waste 
matenal wth detectable radioactivity Further guidelines were established to prohlbit 
disposal of liquids, "special items," and "non-routine wastes" in the landfill, except by 
special permit The Waste Management Section and the Hazardous Matenals 
Committee of Rockwell International issued the permits The solid waste management 
procedures were established in 1977 for both radiation momtonng and groundwater 
momtonng programs Radiation momtonng included measurements at the point of 
waste ongination and at the landfill The groundwater monitonng program consisted 
of installlng wells at the landfill site and sampling the wells once every five months 
Water samples were analyzed for plutonium, gross alpha, conductivity, pH, and mtrate 

At the request of Rockwell International, CDH inspected the landfill in 1978 and 1979 
CDH stated that the landfill appeared to comply wth state and federal minimum 
standards and health department regulations (CDH 1979) 

In 1986 and 1987, studies were conducted to identify waste streams generated at the 
plant (Rockwell International 1986a, 1986b. 1986c, and 1986d) These WSIC reports 
identified 338 waste streams being disposed in the landfill, including 241 waste 
streams identified as nonhazardous solid waste and 97 solid waste streams that 
contamed hazardous waste or hazardous constituents As of November 1986, the waste 
streams identified as hazardous in the 1986 studies were no longer disposed in the 
landfill In 1987, recommendations that outlined how the waste streams identified at 
the plant should be disposed were made (Rockwell International 1987b) The report 
identified 144 waste streams that were recommended for continued landfill disposal 
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Because records indicate that some hazardous waste was disposed at the landfill, it was 
designated as an intern status RCRA-regulated umt and included in the RCRA Part B 
permit application for the plant (Rockwell International 1987b) The landfill currently 
accepts only nonhazardous solid waste and therefore wll  not be permitted as an 
operating RCRA unit In 1988, an alternate groundwater momtonng program was 
implemented at OU 7 in accordance w~th 6 CCR 1007-3 and 40 CFR 265 90 (d) for 
intenm status RCRA umts OU 7 wll  remain under intenm status until closure A 
closure plan (Rockwell International 1988a) was prepared for OU 7 and submitted to 
CDH and EPA in July 1988 However, pnor to approval, the closure plan was 
superseded by the IAG 

The presumptive remedy outlined in EPA guidance documents (EPA 1993a and 1993b) 
addresses contamment of the landfill mass and control of leachate-groundwater and 
landfill gas These activities w111 be implemented under the IM/IRA Post-closure 
inspection, mamtenance, and monitonng of the landfill w11 be performed in 
accordance wth  6 CCR 1007-3 Part 264 (40 CFR Part 264) 

1 3 2 2 Inactive Hazardous Waste Storage Area (IHSS 203) 

IHSS 203 was used between 1986 and 1987 as a hazardous waste storage area This 
IHSS was included in the November 1986 RCRA Part B permit application for Rocky 
Flats as an operating RCRA hazardous waste mt In that application, it was referred 
to as Umt #I Cargo contamers used to store drums of hazardous waste at this location 
were designed to meet the requirements for secondary containment in accordance with 
6 CCR 1007-3 Section 264 175 

Because IHSS 203 is located within the Present Landfill (IHSS 114), it will be 

contamed along wth the landfill mass for closure Post-closure inspection. 
mamtenance, and momtonng of the landfill will be performed in accordance with 6 
CCR 1007-3 Part 264 (40 CFR Part 264) These activities w11 be implemented under 
the IM/IRA, m accordance wth  the IAG 

1 3 3 Landjll Structures and Interim Response Actions 

As previously mentioned, in May 1973 tntium and strontium were detected in leachate 
dramng from the landfill In response, an investigabon was conducted to determine 
the location of the source Momtonng of waste pnor to bund was imtiated to prevent 

175220\sectionl doc 1-9 Draft 41 I 5194 



OU 7 Revised Work Plan Section 1 

further disposal of radioactive matenal, and intenm response activities were undertaken 
to control the generation and migration of landfill leachate 

Intenm response activities included construction of a surface-water diversion ditch 
around the penmeter of the landfill, two detention ponds immediately east of the 
landfill, a subsurface intercept system for diverting groundwater around the landfill, 
and a subsurface leachate collection system Construction of the semi-permanent, 
engineered systems began in October 1974 and was completed in January 1975 These 
intenm response action systems are discussed bnefly below Figure 1-4 shows the 
locations of the landfill structures \ 

1 3 3 1 Surface-Water Diversion System 

The surface-water diversion ditch diverts surface runoff around the landfill (Figure 1- 
4) Thls system was designed to reduce the infiltration of surface water into the 
landfill, thereby reducing the volume of leachate draning from the landfill 

13 3 2  Ponds 

Two ponds were constructed as part of the intenm response action to control leachate 
generated by the landfill (figures 1-3 and 1-4) These ponds were formed by 
constructing temporary berms across the dramage mediately downstream of the 
landfill Both ponds covered approximately % acre The West Landfill Pond (Pond 
#1) impounded leachate generated by the landfill The East Landfill Pond (initially 
called Pond #2) provided a back-up system for any overflow from the West Landfill 
Pond and was also used to collect intercepted groundwater, as needed The leachate 
collection system ongrnally drained only to the West Landfill Pond Discharge of the 
intercepted groundwater could be directed (via a senes of valves in the subsurface 
pipes) to either pond or to surface drainages downgradient of the ponds 

In 1974, a more permanent embankment was constructed for the East Landfill Pond in 

approxunately the same location as the onginal berm The new embankment was an 

engineered dam structure wth a spillway, designed to retam the majonty of the water 
in the channel A low-permeability clay core keyed into bedrock was constructed 
withm the embankment to reduce seepage The remaimng shell of the embankment 
was constructed of more permeable silty to clayey granular soils The East Landfill 
Pond covers approximately two and one-half acres 
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To prevent the two ponds from overfilling and discharging into No Name Gulch, 
excess pond water was onginally pumped to the Solar Evaporation Ponds (DOE 
1992a) From January of 1974 to September of 1975, pond water was diverted to a 
manhole northwest of Building 990 and discharged to Pond B-2 (DOE 1992a) 
Beginning in September of 1975, pond water was sprayed on the ground surface to 
enhance evaporation Areas where spray evaporation operations hstoncally occurred 
were designated as IHSSs and incorporated into OU 6 (Figure 1-3) Water that 
collected in the West Landfill Pond was sprayed on a 3 9-acre plot (designated IHSS 
167 1) located approximately 800 feet northeast of the West Landfill Pond Two other 
spray fields (IHSSs 167 2 and 167 3) were located on the hdlsides near the East 
Landfill Pond and were used for spray evaporation of water that collected in the East 
Landfill Pond Water from the East Landfill Pond is still sprayed on the hllside south 
of the pond After finalization of the OU 6 work plan (DOE 1992b) and 
implementation of OU 6 Phase I RFI/RI fieldwork, the correct locations of IHSSs 
167 2 and 167 3 were identified based on a review of hstoncal information (DOE 
1992a ) (Figure 1-3) Because the locations of these IHSSs now lie wthm the area 
investigated for OU 7, the two IHSSs are considered part of the OU 7 investigation and 
are addressed in h s  report 

Between 1977 and 198 1, landfill expansion covered the discharge points of the leachate 
collection system into the West Landfill Pond The West Landfill Pond was covered in 
May of 1981 dmng further eastward expansion of the landfill Apparently, the berm 
that created the West Landfill Pond was not removed, nor was the leachate collection 
system rerouted to dram into the East Landfill Pond Presumably, leachate collected by 
the subsurface control system still drains to the area of the former West Landfill Pond 
The East Landfill Pond now receives leachate draimng from the face of the landfill 

1 3 3 3 Subsurface Dramage Control System 

A subsurface dramage control system was installed around the penmeter of the landfill 
in 1974 The subsurface dramage system included both a leachate collection system 
and a groundwater intercept system, constructed outside the penmeter of the landfilled 
wastes (Figure 1-5) The leachate collection system collects leachate generated fiom 
the landfill waste and discharges to the West Landfill Pond The groundwater intercept 
system was designed to intercept and divert groundwater flow around the landfill, 
thereby reducing the volume of leachate generated fiom the landfill waste 

~~ 
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The two-part system was constructed by excavating around the penmeter of the 
landfilled wastes to depths of 10 to 25 feet below ground surface The excavation was 
24-feet wde  at the base Selected as-built drawmgs of the intercept system are 
presented in Appendix B of t h s  report All as-built drawngs of the intercept system 
are included in Appendix A of the OU 7 Phase I work plan (DOE 199 1 b) 

The groundwater intercept portion of the system was installed on the outside of the 
excavation, away from the landfill waste (Figure 1-5) Thts system consisted of a 
1-foot-hck sand and gravel filter blanket installed along the excavation face and 
covered by a 4 5-foot-thrck clay barner The filter blanket was designed to intercept 
groundwater and dram to a 6-mch-diameter perforated pipe installed at the bottom of 
the excavation (and outside of the clay barner) The intercepted groundwater could ’ , 

then be discharged to either pond or to surface dramage The clay barner was designed 
to prevent or reduce groundwater flow into the landfill The as-built sections and 
profile sheets (sheets 2 and 3 of 12, Smtary Landfill Renovations, Appendix B) 
indicate that the bottom of the system may be above the bedrock surface approximately 
halfway between wells B106089 and 6587 (on the south side of the intercept system) 
and approximately halfway between wells B106089 and 6387 (on the north side of the 
intercept system) 

The leachate collection system was constructed immediately inside of, and in the same 
trench as, the groundwater intercept system Although the design drawngs specified a 
6-inch-diameter perforated pipe for the leachate collection system, as-bwlt drawngs 
indicate that the leachate collection system consisted of a 5-foot-thrck gravel backfill 
placed in the bottom of the trench on the landfill side The collected leachate was 
directed into the West Landfill Pond, whlch was intended to retam the leachate wthout 
dischargmg to the East Landfill Pond (Rockwell International 1988a) 

Between 1977 and 198 1, the leachate collection and groundwater intercept system was 
bmed beneath waste dmng landfill expansion It has been speculated that lateral 
expansion of waste placement has resulted in wastes being located beyond the extent of 
the subsurface drams to the north and south (Rockwell International 1988a) Eastward 
expansion covered the points where the leachate collection system discharged into the 
West Landfill Pond 

~~~~~ 
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1 3 3 4  SlurryWalls 

In 1982, two soil-bentomte slurry walls were constructed to prevent groundwater 
migration mto the expanded landfill area These slurry walls were tied into the north 
and south arms of the groundwater intercept system (Figure 1-4) 

Detads of the connection in the design drawngs indicate that the west end of each 
slurry wall intersects, but does not break, the groundwater intercept system At these 
intersections the existing dram pipe was replaced wth ductile iron pipe, whch was 
joined with the existmg drain pipe using m e c h c a l  compression joints These 
sections of ductile iron pipe and the joints at each end were then encased wth  concrete 
poured a g m t  undisturbed bedrock at the bottom of the excavation llus concrete 
block interrupted the hydraulic continuity of the sand and gravel filter blanket located 
outside of the clay barner, and the only hydraulic connection of the groundwater 
diversion dram across the slurry trench was through the new segment of pipe As a 
result, there would be no outlet from the groundwater iiitercept system if these pipes 
were to be damaged or clogged The slurry walls extend eastward approximately 700 
feet from these points of intersection Based on as-built drawngs, the slurry walls vary 
in depth from 10 to 25 feet 

1 4  Previous Investigations at OU 7 

A number of previous mvestigations have been conducted at the site for the purpose of 
evaluating physical charactenstics and potential contammation Previous investigation 
reports reviewed for thls investigation include 

Present Landfill Closure Plan, Rocky Flats Plant (Rockwell International 1988a) 

RCRA Annual Groundwater Monitonng Report for Regulated Uruts at the Rocky 
Flats Plant (EG&G 1994a) 

Phase I1 Geologic Charactenzation Data Acquisition Surface Geologic Mapping of 
the Rocky Flats Plant and Vicimty (EG&G 1992a) 

Surface Water and Sediment Geochemical Charactenzation Reports, Rocky Flats 
Plant (EG&G 1991a and 1994b) 
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Background Geochemical Charactenzation Reports, Rocky Flats Plant (EG&G 
1992b and 1993a) 

Closure Plan, Inactive Intenm Status Facilities, Hazardous Waste Storage Area, 
SWMU #203, Rocky Flats Plant (Rockwell International 1988b) 

Present Landfill Hydrogeologic Charactenzation Report, Rocky Flats Plant 
(Rockwell International 1988c) 

Phase I RFI/RI Work Plan for Operable Urut 6 - Walnut Creek Pnonty Dramage 
(DOE 1992b) 

Geotechcal Engmeenng Report for Geotechmcal Analysis of Earthen Dams A-3, 

\ 

B- 1, B-3, and Landfill Dam (EG&G 1993 b) 

Final Histoncal Release Report for the Rocky Flats Plant (DOE 1992a) 

Results of other unpublished or not wdely available studies conducted at the Present 
Landfill are discussed below 

I 4 1 Tritium Investigation 

In May of 1973, tntium and strontium-89,90 were detected in leachate at a drainage 
seep from the landfill (Rockwell International 1987c) As a result, temporary berms 
were constructed across the dramage to halt the flow of leachate into No Name Gulch 
Momtonng wells were installed directly in the landfilled waste or directly below the 
saturated waste matenals, and leachate-groundwater samples from wells were 
collected and analyzed to locate the source of the tntium and strontium (Woodward- 
Clevenger 1974) Elevated readings were followed by dnlling more bonngs and wells 
until the general location of the source was identified (Rockwell International 1987c) 
The number of wells installed is referenced in prewous reports and vanes from 47 
(Rockwell International 1987c) to 52 (DOE 1992a) 

Of the samples of leachate-groundwater from boreholes in the landfill analyzed for 
strontium-89,90, the concentration in only one sample appeared elevated (7 picocunes 
per liter [PCdL]) (Woodward-Clevenger 1974) All other samples of leachate- 
groundwater contamed strontium-89,90 at concentrations of less than 1 pCdL The 
method detection limt for strontium-89,90 at the time of analysis was 0 1 pCdL 
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Strontium-89,90 concentrations were analyzed in samples collected from the landfill 
ponds, dranages, and the groundwater intercept system and were generally found at or 
below background levels 

The concentrations of tntium detected in leachate-groundwater dunng 1973 are shown 
in Figure 1-6 The hghest measured concentrahon of tntium was 301,609 p C f i  The 
depth of the tntium source, total activity, configuration, and source contamer, if any, 
were not determined The tntium source is located in an area of the landfill used 
dmng 1970 Concentrations of tnhum in leachate seeping from the landfill decreased 
from a hgh m 1973 to substantially lower concentrations in 1980 (Figure 1-7) 
Concentrations of tntium d u n g  1980 were approxlmately equal to the CDH Water 
Quality Control Commission (WQCC) surface-water standard of 500 p C f i  
promulgated in Apnl 1991 The wells near the eastern end of the landfill exhlbited 
decreasing tntium concentrations between 1973 and 198 1 No information is avadable 
regarding abandonment of the wells installed for the tntiutn investigation 

1 4 2 Geotechnical Investigations 

A geotechcal engineenng study for landfill remediation was performed in 1974 (Zeff, 
Cogorno and Sealy, Inc 1974) Recommendations were made and plans were 
developed for a groundwater diversion and leachate collection system around the 
penmeter of the landfill (see Section 1 3 3) 

Another geotechcal engineenng study was performed to evaluate proposed landfill 
expansion (Lord 1977) The claystone bedrock beneath the landfill was judged 
adequate to serve as a subsurface hydraulic barner, and the overburden soils were 
judged adequate for dady landfill cover (Rockwell International 1988a) 

1 4 3 Soil-Gas Surveys 

In 1986, Tracer Research conducted a sitewde soil-gas survey for chlonnated orgmc 
compounds Samples were analyzed for chloroform, 1 , 1 ,I -tnchloroethane ( 1 , 1 , I - 
TCA), tnchloroethene (TCE), tetrachloroethene (PCE), and I, 1 -dichloroethene ( 1,l- 
DCE) Only one sampling site was located at the landfill PCE was the only target 
analyte detected at h s  site 
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Another soil-gas survey using the Petrex method was irutiated in 1987 in the landfill 
area, however, no actual data were obtamed because the sampling points were 
improperly located 

Dmng 1987, a soil-gas survey was performed using portable gas chromatography 
methods to detect gases commonly generated by landfill wastes Results were reported 
by Rockwell International (1 988a) and are presented in Appendix B of the OU 7 Phase 
I work plan (DOE 199 1 b) Methane was detected at 2 of the 20 sampling locations at 
concentrations less than 0 4 parts per mllion (ppm) Other compounds were detected 
but not identified m the landfill soil gas The 
sampling methodology used dunng the investigation was not documented in the report 

Hydrogen sulfide was hot detected 

Because of limted sampling andor the lack of documentation of sampling methods, 
data from these investigations are of limited value 

I 4 4 Geophysical Investigations 

Geophysical surveys using ground-penetrating radar and electromagnetics were 
conducted at OU 7 dmng early 1991 Ground-penetrating radar was used in an 
attempt to delineate the individual components of the groundwater intercept system and 
the slurry walls (EG&G 1991b) Although clays and bmed conductive matenals 
(landfilled debns) presented difficulties in locating the groundwater intercept system, 
the inferred slurry wall locations approximated the as-built drawmgs The ground- 
penetrating radar data suggest that the intersection of the slurry wall wth the 
groundwater mtercept system on the north side is located m e r  to the west than 
previously thought 

The electromagnetic geophysical survey was performed to determine its effectiveness 
in mappmg subsurface total dissolved solids (TDS) plumes (EG&G 1991c) Suspected 
areas of hgh  TDS content were delineated by the survey, however, these potential 
plumes could also be mterpreted as lenses of conductive clay The report concluded 
that additional charactemtion of the physical properties of alluvial and bedrock 
matenals was requred to delmeate hgh TDS plumes from naturally occunmg, 
conductive geologic matenal 
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, I 4 5 Phase IRFVRI Investigation 

A Phase I RFMU mvestigation was conducted at OU 7 in 1992 and 1993 The 12 
specific objectives of t h s  investigation as detzuled in the OU 7 Phase I work plan (DOE 
1991 b) are bnefly descnbed below 

Characterize Site Physical Features 

D e t e m e  representatwe site-specific background concentrations of analytes in 
groundwater and subsurface matenals 

Charactenze the flow regune w h n  and around OU 7 to evaluate the effects of the 
groundwater intercept system and slurry walls on leachate-groundwater movement 

0 Charactenze surface-water and groundwater interactions 

e Evaluate lnfiltration of precipitation through the exlsting soil cover matenal 

Define Contamznant Sources 

0 D e t e m e  the presence or absence of soil contamination at IHSS 203 

Deterrmne the presence or absence of contammation in soils where spray 
evaporation occurred 

Further Charactenze the waste streams disposed in the landfill, and evaluate the 
environmental fate and transport of  the chemicals associated wth the identified 
waste streams 

Deterrmne the area and volume of landfill matenal 

Determine the volume and character of leachate 

Deterrmne the character and volumes (gas production) of landfill-generated gases 

Charactenze leachate-contammated matenals (mcluding soils, bedrock, and former I 

West Landfill Pond sedments) beneath the landfill 

0 Charactenze contarmnation m surface water and sedunents in the East Landfill 
Pond 
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2. SITE CHARACTERIZATION 

Section 2 fulfills the general objective of charactenung the physical and biological 
features of OU 7 and three of the four specific objectives of the Phase I RFI/RI site 
charactenzation as follows 

0 Charactenze the flow regime wthm and around OU 7 to evaluate the effects of the 
groundwater mtercept system and slurry walls on leachate-groundwater movement 

Evaluate lnfiltration of precipitation through the existing soil cover matenal 

0 Charactenze surface water-groundwater interactions 

The fourth specific objective, to determine representative site-specific background 
concentrations of analytes in groundwater and subsurface matenals, is addressed m 
Section 4 

Sections 2 1 through 2 7 descnbe surface features, meteorology and climate, soils, 
geology, hydrogeology, surface-water hydrology, and ecology 

2.1 Surface Features 

OU 7 lies north of the industrral area on the western end of No Name Gulch OU 7 
includes the Present Landfill (IHSS 114), the Inactive Hazardous Waste Storage Area 
(IHSS 203), and the East Landfill Pond and adjacent spray evaporation areas (IHSSs 
167 2 and 167 3) In addition, a surface-water diversion system, a groundwater 
intercept system, and a leachate collection system lie w h n  OU 7 (Figure 2-1) The 
physical sethng and surface features for each of the IHSSs and other areas that 
constitute OU 7 are descnbed m the followng sections 

2 I I Present Landfill (IHSS 114) 

The Present Landfill (IHSS 114), is an operating landfill that covers an area of 
approxmately 27 acres The actively operating area of the landfill is surrounded by a 
3-foot-h1gh, cham-link fence Access to the landfill is currently through the south gate, 
located in the center of the south edge of the landfill Two other gates have been used 
in the past, the west gate, east of IHSS 203, and the north gate, on the north side of the 
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landfill These gates remam locked except dmng the operating hours of the landfill 
when the south gate is open 

A surface-water diversion ditch is located just outside the landfill fence and follows the 
fence penmeter on its north and south sides (Figure 2-1) The ditch was designed to 
divert surface runoff around the landfill On the north side of the landfill the ditch runs 

under a penmeter road through a small culvert and east into a small, natural dramage 
that eventually joins No Name Gulch below the East Landfill Pond On the south side 
of the landfill, the ditch runs east above the East Landfill Pond and drops into the 
unnamed tnbutary to No Name Gulch below the East Landfill Pond The ditch is 2- to 
3-feet deep and 5-feet wde at the bottom and has a trapezoidal shape The slopes and 
floor of the ditch are composed of sparsely vegetated native soil m a t e d  No waste 
disposal is known to have occurred outside of the surface-water diversion ditch 

A gravel road, located outside of the fence and the surface-water diversion ditch, 
follows the penmeter of the landfill on its north, south, and west sides The road 
continues east, beyond the eastern limit of landfill operations, towards the East Landfill 
Pond The Property Utilization and Disposal (PU&D) yard lies southwest of the 
landfill along the south side of h s  road (Figure 2-1) The PU&D yard is surrounded 
by an eight-foot cham link fence, and access is controlled through locked gates Thls 
open storage area has been used by vanous groups at the Rocky Flats site for surplus 
storage since 1974 Currently the area IS used by the carpentry, power, and truckmg 
groups Histoncally, such items as surplus roofing tar and motor oil have been stored 
in the area but no documentation was found indicating any releases of hazardous 
matenals to the environment (DOE 1992a) A power substation is located east of t h s  
open storage area and south of the landfill No documentation was found that detaded 
incidents of concern related to the power substation (DOE 1992a) 

As discussed in Section 1 3 1 1, waste disposal  procedures currently used at the landfill 
have not sipficantly changed since the landfill went into operation in 1968 (DOE 
1991b) Durrng the Phase I WIN field investigation, active disposal operations took 
place in the western and central portions of the landfill Heavy equipment used to 
move waste and fill was stored mthin the landfill Temporary roads or access routes 
were routinely placed wthin the landfill for use by trucks carrying waste These 
temporary roads consisted of a 2- to 6-inch-thck, coarse gravel layer over clean fill 
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Dmng the Phase I RFI/RI field investigation, a large volume of clean fill matenal was 
stockpiled m a number of 10- to 20-foot-tall mounds along the south and west margins 
of the landfill The stock piles of clean fill were used as the intenm soil cover on waste 
matenal Excluding the areas of stockpiled clean fill, the ground surface of the landfill 
was irregular and hummocky dmng the fall and winter of 1992 Standing water 
collected in low areas and w t l m  small depressions dmng precipitation or snowmelt 
events Regrading of the landfill surface in the spnng of 1993 eliminated the 
hummocky topography, and the ground surface slopes to the east at a 2 to 3 degree 
angle The landfill was reseeded in the fall of 1993 

b. 

The locabon of the old landfill pond, also known as the West Landfill Pond or Pond # 1, 
is no longer evident at the ground surface because of contmwg eastward expansion of 

the landfill The current eastern extent of landfill operations is marked by a steep face 
that descends approximately 50 feet to the edge of the East Landfill Pond Ths face 
was advanced M e r  eastward and regraded in late spnng 1993 The face is now 
covered wth clean fill and has approximately a 40 percent slope Dunng the Phase I 
RFI/RI field investigation large pieces of asphalt were piled along the top of the east 
face of the landfill When the landfill was advanced eastward in spnng 1993 the 
asphalt was moved east and down the slope, then covered wth clean fill 

In the northeast and southeast comers of the landfill old asbestos disposal areas are 
marked by several large warning signs Asbestos had been buned m several pits within 
these posted areas There is no surface expression of these disposal areas, and the 
ground surface appears undisturbed The areal extents of these disposal areas cannot be 
delineated by an inspection of surface features 

Five gas vents are present w h n  the operating landfill These vents are constructed of 

polyvmyl chlonde (PVC) and project above the ground surface approximately 5 feet 
Each vent is protected from heavy eqtupment by four, 15-foot-hgh steel posts 

Numerous momtomg wells are also present withm the landfill The construction and 
location of these wells are discussed in Appendix C 

2 1 2 Inactive Hazardous Waste Storage Area (IHSS 203) 

The Inactive Hazardous Waste Storage Area (IHSS 203) is located at the southwest 
comer of the landfill and covers less than one-half acre (Figure 2-1) Th~s area was 
actively used between 1986 and 1987 for the storage of drummed liquid and solid 
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hazardous wastes (Rockwell International 1988b) The IHSS is unfenced and the 
boundmes, as shown on maps, are not marked by any distinctive surface features No 
visible evldence for past usage of thrs area remains except for sparse remnants of an 
asphalt-paved surface just east of the IHSS and some red gravel fill wthm the IHSS 
The ground surface is generally flat w i h n  IHSS 203 The IHSS is bounded along its 
western edge by the surface-water diversion ditch that runs adjacent to the IHSS 114 
boundary (Figure 2-1) 

A power line runs east-west just south of IHSS 203 At the southwest comer of the 
IHSS the power line joins a tall wooden pole (telephone pole) Power was avalable at 
h s  pole by a hook-up to the line d u g  the Phase I RFI/RI field investigation A 
small wooden guard house was also present at th~s location There was no power 
avilable to thls structure and the structure was removed in the spnng of 1993 

2 1 3 East Landfill Pond and Spray Evaporation Areas (IHSSs 167 2 and 167 3) 

The East Landf3l Pond covers an area of approxunately two and one-half acres and 
fills the center of the valley downgradient from the operatmg landfill The pond 
receives landfill leachate and surface runoff from the landfill area and also collects 
groundwater flowng from the groundwater intercept system Pond water is retained by 
an engineered embankment on the pond’s east side that nses approximately 45 feet 
above the valley floor The embankment slopes on the west side, facing the pond, are 
covered with well-graded, angular to subrounded, bouldery nprap The embankment 
slopes on the east side are covered with herbaceous vegetation A gravel road follows 
along the top of the pond embankment and crosses the valley occupied by the pond 
Gravel-surfaced pullouts are present west of the road on both the south and north sides 
of the pond embankment The gravel extends down into the water and is used as a boat 
ramp A gravel road descends below the pond embankment on the north side of the 
pond and provides vehlcle access to groundwater momtonng wells and surface-water 
discharge points rn the valley bottom The gravel pullouts and momtor well access 
road are not shown in Figure 2-1 but do appear in a recent photograph of the East 
Landfill Pond (Figure 2-2) 

An emergency spillway is located on the south side of the pond embankment The 
spillway is a trapezoidal, earth-cut spillway that is 6-feet deep and 10-feet wde at the 
bottom A 6-foot by 8-foot concrete box culvert carnes spillway discharge under the 
access and into the drinage below the embankment There is a weir on the upstream 
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side of the box culvert Water from the East Landfill Pond can spill over into th s  
structure when the pond surface elevation exceeds 5921 feet The pond surface 
elevation was measured at 5919 5 feet above mean sea level in June 1993 The pond 
embankment has an elevation of 5926 3 feet 

The outlet works for the pond consist of a 10-inch iron pipe, equipped wlth an 
upstream butterfly valve There is also a gate valve and concrete stilling basin located 
at the downstream toe of the landfill dam There is a large area of nprap downstream 
of the stilling basin The outlet works are currently non-operabonal because the East 
Landfill Pond is not a pemtted discharge point (EG&G 1993b) ' 

To prevent the pond from overfilling and spilling into the dramage, water is 
penodically sprayed onto the ground surface adjacent to the landfill to enhance 
evaporation IHSSs 167 2 and 167 3 were used for spray evaporabon of water from the 
pond and are located along its north and south banks Recent spray evaporation from 
the pond continues in these areas as shown in Figure 2-2 A generator and pump are 
present on the south side of the pond adjacent to the road that follows the top of the 
pond embankment The pump lifts water from the pond to plastic (PVC) pipes that lie 
on the south slope of the pond The pipes extend west from the pump approximately 
50 yards Remnants of an earlier spray or water diversion system are present on the 
north and south slopes along the pond Six-inch diameter, solid-walled pipes are 
present on the ground surface in these areas Slotted metal pipe is also present on the 
north side of the pond Excess pond water has also been pumped from the pond to 
holding ponds in the Walnut Creek dramage Metal piping leading south from the East 
Landfill Pond toward the A-senes ponds is present on the south slope of the pond and 
can be seen in Figure 2-2 

The ground on the north and south sides of the East Landfill Pond is sloped and 
covered with native herbaceous and shrubby vegetation The slopes on either side of 
the pond are dissected by a generally north-south trending fence that marks the eastern 
extent of the fence line surrounding the landfill The 3-foot-tall cham-link fence 
extends to the shoreline of the pond on both sides On the east side of thrs fence the 
slopes appear undisturbed by landfill and construction activities On the north slope 
west of the fence, the ground surface was hummocky and showed evidence of recent 
slumping Intemttent seepage may occur in an area on the north slope of the pond 
where plants indicative of wet conditions are present (cattails and small cottonwood 

~ ~~ ~ ~ 
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trees) No seepage was observed in h s  area dmng the Phase I RFI/RI field 
investigation (November 1992 through Apnl 1993) The slopes west of the fence line 
were recently regraded and reseeded A temporary road constructed of coarse gravel 
leads from the southeast comer of the landfill to the momtonng wells and leachate seep 
at the western edge of the pond 

2.2 Meteorology and Climate 

The area surrounding the Rocky Flats site has a continental, semiand climate 
charactenstic of the Southern Rocky Mountain region Temperatures at the site exhrbit 
large seasonal vanations and, occasionally, dramatic short-term temperature changes 
Summer hgh temperatures are typically in the mid-80°F range dutvlg the days wth 
lows below 60°F at mght D u n g  the wnter months temperatures are relatively mild, 
ranging from 40 to 45°F dmng the day and 15 to 25°F at mght Penods of extremely 
hot or cold weather are usually bnef and do not occur every year Temperature 
extremes recorded at the plant range from 102°F on July 12, 197 1, to -26°F on January 
12, 1963 (DOE 1980) Figure 2-3 summanzes average, monthly temperature ranges 

Mean annual precipitation at the Rocky Flats site, including raunfall and snowmelt, is 

nearly 16 inches Approximately 40 percent of the annual precipitation falls dmng the 
months of Apnl, May, and June Summer thunderstorms (July and August) account for 
an additional 30 percent of the annual precipitation Autumn and wnter are h e r  
seasons, accounting for 19 and 11 percent of the annual precipitation, respectively 
Snowfall averages 85 inches per year, occumng generally from October through May 
Heaviest snowfall occurs in March Snowfall provides approximately half of the total 
moisture for the year The average relative humidity is 46 percent (DOE 1980) Figure 
2-3 summanzes average, monthly precipitation totals 

The Rocky Flats site is noted for its strong, gusty wnds, whch frequently occur wth  
thunderstorms and passage of weather fronts The wndstorm season extends from late 
November into Apnl, and the height of the season occurs in January The lughest wind 
speeds occur d u n g  this season as westerly wndstorms known as clunooks Wind 
speeds typically exceed 75 miles per hour, and gusts may exceed 100 miles per hour 
However, northwesterly wnd directions and wind speeds under 15 miles per hour are 
the predominant wnd conditions at the Rocky Flats site Moderately strong northerly 
or southerly wnds are common in wnter and summer, respectively, and easterly wnds 
(“upslopes”) may be associated wth  snowfall The steep-sided canyons along the 
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2 3  

Front Range tend to channel the airflow dunng both upslope and downslope conditions 
(DOE 1980) 

Meteorology at the site is strongly influenced by the diurnal cycle of mountam and 
valley breezes Two dominant flow patterns exist, one dunng daytime condibons and 
one at night Dmng daytime hours, as the earth heats, mr tends to flow toward the 
lugher elevations (upslope) The general mrflow pattern dmng upslope conditions for 
the Denver area is typically north to south, wth flow moving up the South Platte hve r  
Valley and then entenng the canyons into the Front Range After sunset, the mr agmnst 
the mountam sides is cooled and begins to flow toward the" lower elevations 
(downslope) Dunng downslope conditions, mr flows down the canyons of the Front 
Range onto the plans Th~s flow converges wth the South Platte Rwer Valley flow 
movmg toward the north-northeast (Hodgin 1983, Hodgin 1984, and DOE 1986) A 
summary of 1992 wnd direction and speed is illustrated in Figure 2-4 in the form of 
wnd-rose diagrams The diurnal pattern of wnd directions is evident on these 
diagrams 

SOllS 

The surface soils at OU 7 are predominantly deep, well-drmned loams, clay loams, and 
very cobbly sandy loams wth slow permeability Table 2-1 presents a bnef descnption 
of soil types Figure 2-5 shows the distnbution of soil types in the vicmty of OU 7 

Soils around the East Landfill Pond consist of clay loams from the Denver-Kutch- 
Midway senes These soils are medium to very dark brown, fine, montmonllomtic, 
mesic Torrertic Argiustolls that formed in calcareous, clayey matenal denved from 
undifferentiated Arapahoe and Laramie Formation claystones Soils on the pediment 
surrounding the landfill are from the Flatiron senes These soils are grayish brown to 
reddish or yellowsh brown, clayey, montmonllomtic, mesic Andic Paleustolls that 
formed in non-calcareous, cobbly, stony, gravely, and loamy matenal of the Rocky 
Flats Alluvium Soils on the edge of the pediment are from the Nederland senes 
These soils are medium to dark brown, loamy, mixed, mesic Andic Argiustolls that 
formed in cobbly, gravely, and loamy alluvium denved from mxed sources (Rocky 
Flats Alluvium and unhfferentiated Arapahoe and Laramie Formation claystones) 
Soils in the valley bottoms are from the Haverson senes These soils are fine, loamy, 
mixed, mesic Ustic Tomfluvents formed in stratified, loamy alluvium of mixed ongin 
adjacent to intermittent streams (Pnce and Amen 1980) 
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Intenm soil cover matenal currently stockpiled and used at the landfill was obtained 
from the Rocky Flats Alluvium at a location outside OU 7 Histoncal analytical data 
charactenung the d i ly  soil cover and fill matenal underlying the intenm soil cover 
were presented in the OU 7 work plan (DOE 1991 b) These data are limited to borehole 
samples collected dmng dnlling of groundwater morutonng wells B 106089, B206 189, 
and B206389 Intenm soil cover matenal was descnbed dmng surface-soil sampling 
activities at the landfill These soils are reddish brown to dark brown, clayey sands and 
poorly graded, clayey gravels The gravel component was 30 to 40 percent in the 
eastern (older) part of the landfill and greater than 50 percent in the active landfill area 
in March 1993 The landfill has since been regraded, and a new iayer of soil cover 
matenal was placed on top Because the soil cover matenal was recently placed on the 
landfill surface, vertical stratification into soil honzons has not yet taken place 
Analytical data charactenung the intenm soil cover matenal and soils around the East 
Landfill Pond are discussed in Section 4 3 and presented in Appendix N 

D w g  the Phase I RFI/RI soil sampling program, general descnptions of soil texture 
and color were recorded at each sample location W i h  the 0- to 2-inch soil honzon 
at IHSS 203, three general soil types were identified A dark brown, very gravely loam 
covered the northern half of the sample gnd The south-central portion of the gnd was 
composed of  non-native red gravel fill, and two sample locations at the far western 
corner of the gnd consisted of a very gravely, sandy clay loam Withm the 2- to 10- 

inch soil honzon the majonty of the gnd consisted of a dark brown, very gravely loam 

Two sample locations in the northwestern portion of the gnd consisted of a yellow- 
brown clay Two sample locations in the southeastern portion of the gnd consisted of 
non-native red gravel fill 

Soil in the 0- to 2-inch honzon within the spray evaporation areas on the northern and 
southern edges of the East Landfill Pond and the sample area east of the dam generally 
consisted of loam and clay loam with small isolated areas of gravely loam Soils on the 
western edge and the northwestern comer of the sample gnd contamed more gravel and 
sand Soil on the dam itself consisted of a gravely loam At a soil depth of 2 to IO 
inches the majonty of the East Landfill Pond sample area consisted of clay and clay 
loam A small area in the north-central portion of the gnd and the dam itself consisted 
of gravely clay 
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2 4  Geology 

The geology at OU 7 is a function o f  the regional tectonic setting and local depositional 
and erosional conditions Geologic data used to charactenze OU 7 were compiled from 
previous landfill investigations (Rockwell International 1988c, DOE 1991 b), existing 
geologic charactenzation reports (EG&G 1991d, EG&G 1992a), U S Geological 
Survey publications (Spencer 1961, Van Horn 1972), Colorado School of Mines 
reports (Weimer 1976), and the borehole dnlling, momtonng well installation, and 
cone penetration test (CPT) tasks o f  the Phase I RFI/RI field investigabon A 
descnption o f  the general geologic framework and specific descnptlbns o f  surficial and 
bedrock geologic wts are presented in the followng sections Geologic 
interpretabons o f  CPT profiles are mcluded in Appendix D and geologic borehole logs 
are presented in Appendix E 

2 4 I General Geologic Framework 

The Rocky Flats site is located on a broad, eastward sloping p l m  just east o f  the 
Colorado Front Range The surface cover is composed of a senes of coalescing 
alluvial fans that were developed along the Front Range dmng the Pleistocene The 
alluvial fans extend eastward approximately 5 miles from their ongin near the mouth of 

Coal Creek Canyon The industtral area and the Present Landfill are located near the 
eastern extent o f  the alluvial-fan deposits The alluvial fans were deposited on a broad, 
gently sloping erosional surface, or pediment 

The pediment at the Rocky Flats site is underlam by more than 10,000 feet o f  gently 
dipping (less than 2 degrees) Pennsylvman to Upper Cretaceous sedunentary rocks in 

the Denver Basin West o f  the site these strata are abruptly upturned and form hogback 
ndges parallel to the Front Range uplift The slope o f  the pedunent at the Rocky Flats 
site (approximately 6 degrees) is steeper than the dip of the underlying sedimentary 
rocks (appromately 1 to 2 degrees) As a result, shallow Upper Cretaceous strata 
pinch out to the east agsunst the erosion surface rather than plungmg down into the 
subsurface toward the center o f  the Denver Basin 

Dissection o f  the gravel-capped pediment has occurred by headward erosion and 
planation along several eastward-flowng streams and their ttrbutanes, including Rock 
Creek, Walnut Creek, and Woman Creek Fluvial processes have formed moderately 
steep hdl slopes adjacent to the stream drainages, wlth the steepest slopes formed along 
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the tops of the incised dramages The landfill at OU 7 is located in No Name Gulch at 
the western lmit of headward erosion and pediment dissection 

Waste matenal has been placed on top of the bedrock and fills the valley to the top of 
the pediment at approximately 6000 feet Waste matenal is confined laterally by the 
surface-water diversion ditch and by the bedrock slopes of the valley lhckness of the 
artificial fill, whrch includes waste and intenm soil cover matenal, ranges fiom 
approxlmately 5 to 45 feet Artificial fill is hckest near the centerline of the valley 
and thrnnest around the penmeter of the landfill, inside the surface-water diversion 
ditch 

Figure 2-6 presents a generalized stratigraphrc section for the Rocky Flats site that 
shows the vertical sequence of sdicial deposits and bedrock Surficial and bedrock 
geologic u t s  that influence groundwater flow include the Rocky Flats Alluvium and 
the underlying Arapahoe and Laramie Formations Also important is the artificial fill 
matenal of the landfill, which is not shown on the figure The Fox Hills Sandstone 
occurs at a depth of approximately 700 to 800 feet, whrch is too deep to be affected by 
the landfill As such, it is not descnbed 

Figure 2-7 shows the lateral distnbution of sdicial geologic matenal at OU 7 Eight 
cross-sections were constructed to illustrate the lateral and vertical relationshps of 
surficial and bedrock u t s  The base of waste matenal, alluvium-weathered bedrock 
contact, weathered bedrock-unweathered bedrock contact, and potentiometnc surfaces 
shown in the cross-sections were drawn using borehole, momtonng well, and CPT data 
and extrapolated in between data points Tables 2-2 and 2-3 present the depths and 
elevations of the alluvium-weathered bedrock contact and weathered bedrock- 
unweathered bedrock contact fiom CPT profiles and boreholes and wells, respectively 
The location and dimensions of the groundwater intercept system were obtained fiom 
as-built drawngs Figure 2-8 is an index map that shows where the eight cross-section 
lines are located Figures 2-9 through 2-16 present geologic cross sections A-A' 
through H-H' Honzontal and vertical scales of the cross sections are 1 inch equals 50 
feet so there is no vertical exaggeration Cross-sections A-A', B-B', C-C', D-D', and H- 
H show the shape of the burred valley and the distnbution of sdicial  matenals along 
north-south profiles fiom the western end of the landfill to the slope below the East 
Landfill Pond embankment Cross sections E-E', F-F', and G-G trend west-east along 
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the centerline of the valley from the upgradient wells through the landfill and the East 
Landfill Pond to the downgradient wells below the embankment 

2 4 2 Surflcial Geology 

Surficial matenal consists of Quaternary alluvial-fan deposits of the Rocky Flats 
Alluvium, colluvial deposits, alluvial deposits of the valley-fill alluvium, and artificial 
fill (Figure 2-7) The Rocky Flats Alluvium caps the divides north and south of No 
Name Gulch Colluvium covers the hillsides down to the drainage or to the East 
Landfill Pond Valley-fill alluvium is present along the channel af No Name Gulch 
downstream of the East Landfill Pond Artificial fill and disturbed surficial matenal is 
present wthm the boundanes of the landfill, at IHSS 203, and along the surface-water 
diversion Itch,  Upper Church Ditch, and McKay Ditch All surficial deposits are part 
of the upper hydrostratigraphlc u t  at the Rocky Flats site, which is discussed in more 
detail in Section 2 5 1 

2 4 2 1 Rocky Flats Alluvium 

The Quaternary Rocky Flats Alluvium is the oldest and topographcally hghest alluvial 
deposit at Rocky Flats (Scott 1965) The alluvium ranges from 0 to 100 feet in 
hckness It is hckest west of the Rocky Flats site near the apex of the fans and 
thinnest just east of the Rocky Flats site near the depositional lunit of the fans (EG&G 
1992a) The Rocky Flats Alluvium consists of yellowsh brown to reddish brown, 
poorly sorted, coarse bouldery gravel in a silt and clay matnx, with lenses of clay, silt, 
and sand, and varying amounts of caliche Generally, the gravels are coarsest gramed 
west of Rocky Flats and become finer graned toward the east Pebbles, cobbles, and 
boulders are composed pnmanly of quartzite, but include lesser amounts of schst, 
gneiss, g r a t e ,  pegmatite, sandstone, and siltstone (EG&G 1992a) 

lkrteen wells (1086, 5887, 6087, 6687, 7087, 7187, 7287, 76792, 76992, 77392, 
70093,70393, and 70693) located around the penmeter of the landfill are completed in 
the Rocky Flats Alluvium (Figure 2-7 and Table 2-4) lluckness of the alluvium is 25 
to 30 feet in wells on the north, west, and south sides of the landfill west of the south 
gate (figures 2-9, 2-10, 2-1 1 ,  2-12, and 2-13, Cross sections A-A', B-B', C-C', D-D', 
and E-E), and 10 to 15 feet thck on the divides north and south of the East Landfill 
Pond east of the south gate (Figure 2-12, Cross section D-D') The Rocky Flats 
Alluvium is composed of unconsolidated, yellowsh brown to grayish orange, angular 
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to subrounded, poorly sorted, coarse gravel in a clayey sand matnx, wth interbeds or 
lenses of sand, silt, and clay Pebbles and cobbles are composed of quartzite, granite, 
and gneiss Maxmum pebble size ranges from 1 to 3 inches in diameter Caliche was 
descnbed in dnll cores from the ground surface down to the alluvium-bedrock contact 
at approxunately 8 feet near the eastern limit of the Rocky Flats Alluvium on the 
divides north and south of the East Landfill Pond (wells 7187 and 7287) The caliche 
occurs in the matnx of gravel-nch zones and in pockets in clay-nch zones These 
zones may be discharge pornts for alluvial groundwater along the hllside above the 
East Landfill Pond 

2 4 2 2 colluvium 

Quaternary colluvium covers the valley slopes between the pediment on whch the 
Rocky Flats Alluvium is deposited and the No Name Gulch dramage or the East 
Landfill Pond (Figure 2-7) Colluvial matenals have been deposited by slope wash and 
downward creep of alluvial matenal and bedrock Three wells (0586, 0686, and 0786) 
are completed in the colluvial matenal, and several wells (0886, B206789, B206889, 
and B207289) were dnlled through colluvium into the underlying bedrock The 
colluvium is 1 to 5 feet tluck on the slopes around the East Landfill Pond and below the 
dam (Figure 2-16, Cross-section H H') The colluvium consists of unconsolidated, 
moderate to dark brown, structureless clay with some sand and a trace gravel Soil 
development has occurred and roots are present down to depths of 3 feet 

2 4 2 3 Valley-Fill Alluvium 

Quaternary valley-fill alluvium has been deposited in the No Name Gulch dramage 
downstream of the East Landfill Pond (Figure 2-7) The alluvium is denved from 
reworked alluvial matenal and bedrock Two wells (4087 and 4287) are completed in 
valley-fill alluvium, and several wells (4187, B206989, B207089, and B207189) were 
dnlled through valley-fill alluvium into the underlying bedrock (Figure 2-15, Cross 
section G-G') The alluvium is 3- to 8-feet thick in the OU 7 area and becomes hcker  
downstream to the east (12 feet in well 0486) The alluvium consists of 
unconsolidated, dusky brown, laminated to structureless clay wth lenses of gravel 
Gravels have a sandy- to clayey-silt matnx that is often iron stained 

~~~~~ 
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2 4 2 4 Artificial Fill 

Three types of artificial fill are present in the viciruty of the landfill excavated gravels, 
construction matenals, and landfill waste The first type of artificial fill was denved 
fiom excavation o f  Upper Church Ditch and McKay Ditch and consists o f  stockpiles o f  
gravel northwest of the landfill (Figure 2-7) This matenal is presumably disturbed 
Rocky Flats Alluvium 

The second type o f  artificial fill consists of matenals used to construct the groundwater 
intercept system, the leachate collection system, and the embankment of the East 
Landfill Pond Most of  thls matenal is below the ground surfwe and is not shown on 
the surficial geology map (Figure 2-7) Clay, coarse sand, and gravel were encountered 
dunng dtrlling of upgradient well B 106089 (DOE 199 1 b) Disturbed claystone, sand, 
and gravel were encountered dunng dnlling of well 7 1 193 (Figure 2- 10, Cross section 
B-B') The occurrence of thls matenal is inconsistent wth bedding of native materials 
and has been interpreted as construction matenal for the groundwater intercept system 
Material used to construct the East Landfill Pond embankment was encountered in test 
holes THO47292 and THO47492 (Figure 2- 15, Cross section G-G) The embankment 
consists of a clay core that is 40-feet thick surrounded by a clayey sand to gravel shell 
Coarse, bouldery nprap covers the embankment slopes on the west side 

The h r d  type of artificial fill consists of waste and daly soil cover matenal at the 
landfill The fill is descnbed in Phase I dnll cores as a mixture of clay, sand, and 
gravel contamng asphalt, concrete, insulated wre, wood, paper, plastic, rubber, metal, 
construction nbbon, surgical gloves, saranex suits, and other matenals associated with 

landfilling activities 

Sixteen wells (6187,6287,6487,6587,6887, B106089, 71193,71493,71693, 71893 
72093, 72293, 72393, 72493, 00393, and 00493) located wthm the landfill are 

completed in the artificial fill Five other wells (5987, 6387, 6787, B206189, and 
B206389) were ongmally completed in artificial fill but have since been replaced or 

abandoned Waste matenal interlayered with daily soil cover was encountered in 32 
CPTs (CPT00293 through CPTOl593, CPTOl993, CPT02093, and CPT02293 through 
CPT03793) Thxkness of  the artificial fill ranges fiom approximately 4 feet at well 
6287 to 35 feet at well 72093 and is up to 45 feet at CPT01393 near the centerline of 
the valley (Figure 2-14, Cross section F-F') In some cases waste matenal is 
encountered throughout the borehole or CPT profile, and in other cases there is some 
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clay, sand, and gravel fill matenal beneath the waste The base of the waste matenal is 
delineated on each cross section 

2 4 3 Bedrock Geology 

Bedrock unconformably underlies the surfrcial deposits and consists o f  claystones, 
siltstones, and sandstones o f  the Upper Cretaceous Arapahoe and Laramie Formations 

2 4 3 1 Arapahoe Formation 

The Upper Cretaceous Arapahoe Formation, as defined in the'Phase I geologic 
charactenzation report (EG&G 1991d), is approximately 150-feet h c k  beneath the 
nuddle portion o f  the Rocky Flats site It contams at least five separate, discontinuous, 
but mappable sandstone mts, designed as the No 1 through No 5 sandstones More 
recent work, based on field mapping (EG&G 1992a), indicates that the Arapahoe 
Formation is less than 50-feet h c k  in the middle portion o f  the site The basal 
Arapahoe sandstone, as defined in the Phase I1 geologic charactenzation surface 
geologic mappmg report (EG&G 1992a), is stratigraphcally equivalent to the 
uppermost, or No 1 ,  sandstone o f  the Phase I geologic charactenzation report 
Attempts to resolve th~s controversy are in progress Regardless o f  the thickness 
descnbed for the Arapahoe Formation at the Rocky Flats site, the No 1 sandstone is 
the uppermost sandstone u t  of significant lateral extent, and it is o f  concern as a 
potential migration pathway 

The No 1 sandstone is a yellowsh-gray to dark yellowsh-orange, fine-to medium- 
gramed, locally conglomeratic, subangular to subrounded, moderately to poorly sorted, 
planar-laminated to trough cross-bedded sandstone, wth an abundance of grains of 
well-rounded quartz sand Conglomeratic sandstone lenses at the base o f  the unit 

contam pebbles of chert, ironstone, and rock fragments (EG&G 1992% Van Horn 1972, 
and Weimer 1976) 

2 4 3 2 Laramie Formation 

The Upper Cretaceous Laramie Formation unconformably underlies the Arapahoe 
Formation and is appromately 600 to 800 feet h c k  The Laramie Formation is 

informally subdivided into two members, the upper member is generally much finer 
grained than the lower member 
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The upper member of the Laramie Formation is approximately 300 to 500 feet thck 
and consists pnmmly of olive-gray and yellowish-orange claystones Four sandstone 
ulllts (designed as the No 2, No 3, No 4, and No 5 sandstones) have been identified 
in the bedrock beneath the No 1 sandstone and are in the Arapahoe Formation, as 
defined in the Phase I geologic charactenzation report or in the Laramie Formation, as 

defined in the Phase 11 geologic charactenzation report and shown rn h s  report (Figure 
2-6) Deep boreholes, dnlled d u n g  the 1991-1 992 sitewde geologic-charactenzation 
program and targeting these sandstones, encountered siltstone more often than 
sandstone Where present the sandstones are olive gray, very fine-gramed, subangular, 
well-sorted, platy-laminated to npple-lammated, locally calcareous, silty, and clayey 
Because they lie w h n  claystones and they are not in hydraulic connection wth either 
the No 1 sandstone or the sdic ia l  deposits, the No 2 through No 5 sandstones are 
probably not sigmficant migration pathways for potential contaminants to groundwater 

. 

The lower member o f  the Laramie Formation is 300-feet h c k  and is composed of 
sandstones, claystones, and coal beds The sandstones are yellowsh gray, very fine- to 
medium-grained, subangular to subrounded, moderately sorted, h n -  to hck-bedded, 
npple-laminated to trough cross-bedded and contain abundant plant remains These 
sandstone beds are more laterally extensive than sandstone beds in the upper Laramie 
Formation Claystones present within the lower Laramie Formation are generally 
kaolimtic 

2 4 3 3 Undifferentiated Arapahoe and Laramie Formations 

In general, the base of the Arapahoe Formation is marked by the presence o f  medium- 
grained to conglomeratic sandstones composed of well-rounded, frosted quartz sand 
grams wth pebbles of chert, rock fragments, and ironstone The lowermost 20 feet of 
the Arapahoe Formation is shown underlying the Rocky Flats Alluvium on the divides 
north and south o f  the unnamed tnbutary to No Name Gulch in the Phase I1 geologic 
charactenzation report (EG&G 1992a) However, sandstones exhibiting the distinctive 
charactemtics o f  the basal Arapahoe Formation or No 1 sandstone are not exposed at 
the surface nor in any o f  the dnll cores from OU 7 The contact between the Arapahoe 
and Laramie Formations is difficult to interpret in the absence o f  the marker or No 1 

sandstone bed Therefore, in this report, the Arapahoe and Laramie Formations are 
undifferentiated 
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Figure 2- 17 shows the topography of the bedrock surface, whch has been scoured and 
shaped by vanous alluvial and fluvial processes Features most apparent on the map 
are the west-trending channel of No Name Gulch, which extends from the present 
valley below the East Landfill Pond embankment under the pond and landfill to the 
upgradient wells near the west edge of the map area, and the two smaller northwest- 
and southwest-trending tnbutanes Bedrock highs are evident between the mam 
channel and the smaller tnbutanes Weathenng of bedrock is dependent on factors 
such as the abundance of fractures, presence of root zones, elevation relative to the 
water table, and proxunity to drainages and appears most extensively along the 
dramages 

. 

Weathenng is evident 111 dnll cores by color mottling and by the abundance of iron- 
oxlde starrung Weathered and unweathered bedrock are discussed separately because 
weathered bedrock is considered part of the upper hydrostratigraphc urut (UHSU) at 
the Rocky Flats site, along wth surficial matenals Unweathered bedrock compnses 
the lower hydrostratigraphc w t  (LHSU) The upper and lower hydrostratigraphc 
w t s  are discussed in more detrul in Section 2 5 1 

Weathered Bedrock 

Ten wells (B206289, B206589, B206689, B206789, B206889, B206989, B207089, 
B207289,70 193, and 70493) at OU 7 are completed in weathered bedrock Thdness 
of weathered bedrock ranges fiom 0 feet at well 70893, whch is located on the 
pediment along the southwest edge of the landfill, to 57 feet at CPT00793, whch is 
located near the center of the channel beneath the landfill Weathered bedrock is 
thickest in the valley bottom where surface water intermittently flowed down No Name 
Gulch before it was diverted around the landfill The lateral and vertical distnbution of 
weathered bedrock is shown in the geologic cross sections (figures 2-9 through 2- 16) 

The weathered bedrock is composed pnmatrly of gray to yellowsh brown, mottled, 
structureless claystones and silty claystones contrumng a trace of carbonaceous m a t e d  
and occasional h n  mterbeds of siltstone and, less frequently, fine-gramed sandstone 
Vertical to subvertical fractures are occasionally observed in dnll cores Iron-oxide 
stiumng is common In general, sandstone and siltstone interbeds encountered are less 
than 10-feet thlck Sandstones are composed of gray to yellowsh brown, very fine- to 
fine-grained, subangular to subrounded, well sorted, fnable, quartzose sand 
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In the landfill closure plan (Rockwell International 1988a), subcropping sandstones 
directly underlying the unconsolidated surficial matenal were descnbed at well 
locabons 6487, 6587, 7087, and 7287 on the south side of the landfill and the East 
Landfill Pond Plate 4-3 of the landfill closure plan shows the estimated areal extent of 
subcropping sandstones based on the thickness in wells 7087 and 7287 and a regional 
dip of 7 degrees east A 7-degree dip was also used in proposing that the uppermost 
sandstone in well 41 87 would subcrop underneath the East Landfill Pond In the OU 7 
Phase I work plan (DOE 1991 b), subcropping sandstones were descnbed at locations 
mentioned above and at well B206489 Shallow sandstones wthm 15 feet of the 
alluvial-bedrock contact were descnbed in wells B206589 and B206789 Recent 
sitewde investigations were cited to explam the change in interpretation of regional dip 
from 7 degrees to 2 degrees east (EG&G 1992a) 

, 

Since the landfill closure plan and OU 7 Phase I work plan were completed, dnll cores 
from 1986, 1987, and 1989 wells were relogged using grsun-size analysis procedures in 
Geotechcal SOP GT 1 (EG&G 1992c) as part of the Phase I geologic charactenzation 
program (EG&G 1991d) Umts that were onginally descnbed as sandstones are now 
descnbed as siltstones and silty claystones Because the onginal borehole logs were 
used for the landfill closure plan and the OU 7 Phase I work plan and the revised 
borehole logs were used for thls report, the presence of interpreted subcropping 
sandstones has changed 

Based on the revised borehole logs, fine-grained silty sandstones subcrop beneath the 
alluvium only at well location B207089, which is downgradient of the East Landfill 
Pond The subcropping sandstone at well B207089 is laminated, pale yellowsh brown 
to dark yellowsh orange, very fine- to fine-gamed, moderately to well sorted, silty to 
clayey sandstone, mterbedded wth silty claystone and is less than 4-feet h c k  Thls 
sandstone pinches out approximately 500 feet downstream and is not present at well 
4287 Shallow sandstones (present wthm 15 feet of the contact between alluvium and 
bedrock) were encountered in wells 6487 (24 5- to at least 28 0-feet deep -total depth 
not encountered), located wthm the landfill on the south side, and B206789 (8 0 to 8 3 
feet), located on the southwest shore of the pond Based on a 2-degree regional dip, 
these shallow sandstones w11 not subcrop in the OU 7 area 
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Unweathered Bedrock 

Six wells (0886, 0986, 4187, 70293, 70593, and 70893) at OU 7 are completed in 
unweathered bedrock The lateral and vertical distnbution of unweathered bedrock is 
shown in the geologic cross sections (figures 2-9 through 2-16) 

Unweathered bedrock is composed pnmmly of dark to very dark gray, laminated to 
structureless claystones and silty claystones wth scattered fragments and stnngers of 
carbonaceous matenal Clay stones contain occasional thm interbeds of siltstone and 
sandstone Sandstones are composed of laminated to cross-laminded, gray to olive 
gray, very fine- to fine-gramed, subangular to subrounded, well-sorted quartzose sands 
wth  a trace of mafic minerals and disseminated sulfides Porosity ranges fiom 5 to 20 
percent and averages approxunately 10 percent Calcite occasionally occurs as a pore- 
filling cement in thm sandstone beds 

2 4 4 Structural Features 

The folded structure of bedrock strata immediately west of the Rocky Flats site results 
in steeply eastward-dipping exposures of the Laramie Formation and underlying units 
These u t s  receive recharge fiom precipitation along the exposed hogbacks northwest 
and southwest of the site Other large-scale features that may sigmficantly affect the 
direction and rate of groundwater flow are currently under investigation 

Small-scale structural features, such as joints and fiactures, are present in bedrock 
u t s  Surfaces ofjoints and fractures are commonly coated wth secondary oxide and 
hydroxide minerals in the weathered portion of bedrock mts Slickensides are also 
present on some fracture surfaces The presence of such features increases secondary 
porosity and permeability and may facilitate groundwater transport through bedrock 
w t s  by providing preferential flow paths in low-permeability claystones 

2 5  Hydrogeology 

The hydrogeology at OU 7 is a function of the general geologic framework, recharge 
and discharge conditions, physical properties of the aquifer matenals, hydrodynamic 
conditions, and landfill structures Hydrogeologic data used to charactenze OU 7 were 
compiled from previous landfill investigations (DOE 199 1 b), sitewde groundwater 
momtonng, assessment, and protection plans and reports (EG&G 1990% EG&G 
1990b, EG&G 1991e, EG&G 1993c, DOE 1992b, and DOE 1993a), and water-level 
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measurement and hydraulic conductivity test activities of the Phase I RFIM field 
investigation 

Site charactenzation of the landfill began in 1986 Two well pairs, each consisting of 
an alluvial and a bedrock well, were installed to charactenze the hydrogeology in the 
vicimty of the landfill (Rockwell International 1988a) One well pair was installed 
upgradient (0986 and 1086) and the other downgradient (0786 and 0886) of the 
landfill 

In 1987, 17 additional momtonng wells, 16 alluvial wells, and 1 bedrock well were 
installed to charactenze the site and determine the effectweness of the groundwater 
intercept system Well 5887 was installed upgradient immediately west of the landfill 
Eight wells (5987, 6087, 6187, 6287, 6387, 6487, 6587, and 6687) were mstalled 
across the groundwater intercept system on the west, north, and south sides Five wells 
(6787, 6887, 7087, 7187, and 7287) were installed to evaluate the north and south 
sluny walls Three wells (4087, 4187, and 4287), two alluvial and one bedrock, were 
installed downgradient of the East Landfill Pond embankment to momtor groundwater 
leaving the landfill Well 4287 is located downstream of well 4087, just east of the 
OU 7 map coverage 

In 1989, 13 monitonng wells were installed Well B106089 replaced well 5987, which 
was dnlled into the clay seal of the groundwater intercept system Six wells (B206189, 
B206289, B206589, B206689, B206789, and B207289) were dnlled to locate and 
momtor potential subcropping sandstones around the East Landfill Pond Two wells 
(B206389 and B206489) were installed to evaluate the effectweness of the slurry walls 
Two wells (B206889 and B206989) were installed to momtor groundwater in the 
vicimty of the discharge pomts for the groundwater mtercept system, and two wells 
(B207089 and B207189) were installed to monitor bedrock sandstones encountered in 
wells 0886 and 4 187 

In 1992 and 1993, 1 1  boreholes were dnlled and 16 momtonng wells were installed as 

part of the Phase I RFIM field investigation for OU 7 (Appendix C) Thnty-six CPTs 
were also performed Site charactenzation was performed using data from 1986 
through 1993 wells and boreholes 
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2 5 1  

Descnptions of the groundwater flow system, drawdown recovery test-data analyses 
and results, groundwater flow directions and velocities, and the effectiveness of landfill 
structures are presented in the follocnng sections Descnptions of Phase I RFIN field 
activities including morutonng well installation, water-level measunng, well 
development, and drawdown recovery tests are presented in Appendix C Water-level 
data are presented in Appendix G Drawdown recovery test data are presented in 
Appendix H Water balance data and calculations are presented in Appendix I 

Groundwater Flow System 

The UHSU, whch corresponds to the uppermost aqurfer of the groundwater assessment 
plan (DOE 1993a), is unconfined and consists of saturated, unconsolidated surficial 
matenals and weathered bedrock As discussed in Sections 2 4 2 and 2 4 3, surficial 
matenals include the Rocky Flats Alluvium, colluvium, valley-fill alluvium, and 
artificial fill Weathered bedrock is composed of undifferentiated Arapahoe and 
Laramie Formation sandstones and claystones 

\ 

Sources of groundwater recharge to the UHSU include infiltration of precipitation, 
snowmelt, storm runoff, and seepage from ditches, dramages, and the East Landfill 
Pond Discharge occurs through evaporation, evapotransplration, and seepage where 
the water table intersects the ground surface or surface-water features such as streams, 
ditches, and ponds The level of groundwater nses annually in response to spnng and 
summer recharge and declines dmng the remainder of the year Groundwater in the 
UHSU generally flows to the east, but is diverted around the landfill by way of the 
groundwater intercept system and discharged to the East Landfill Pond In the incised 
stream valley, groundwater flows toward the dramage or the East Landfill Pond, 
following the topography Groundwater in No Name Gulch flows to the east in the 
valley fill matenals and intermittently discharges as subsurface flow across the eastern 
boundary of the Rocky Flats site 

The LHSU is generally confined and consists pnmmly of unweathered bedrock 
claystone with isolated sandstone u t s  Each sandstone bed in the LHSU could be 
considered a separate hydrostratigraphc u t  
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Sources of groundwater recharge to the LHSU include infiltration of precipitation in 
outcrop areas, leakage from alluvial gravels of the UHSU in subcrop areas west of the 
landfill, and possibly seepage from weathered bedrock of the UHSU Discharge may 
occur where sandstone umts intersect incised stream valleys Groundwater in the 
LHSU generally flows to the east, from recharge areas west of OU 7 toward discharge 
areas along incised stream valleys 

2 5 2 Drawdown Recovery Test Data Analysis and Results 

Drawdown recovery test data were analyzed with AQTESOLV software (Geraghty and 
Miller 1991) using the Bouwer and h c e  (1976) and Bouwer (1989) solution method 
for unconfined aqufers and the Cooper et al (1967) solution method for confined 
aquifers Well 70593, whch is completed in a codined aqulfer, was analyzed using 
both methods to compare and venfy the results Hydraulic conductivity estimates for 
well 70593 are wthin an order of magmtude for both methods Hydraulic 
conductivities were calculated for surficial matenals of the UHSU and for several 
sandstone and siltstone beds of the LHSU Time-drawdown plots for each test, wth  
best-fit lines used to estimate hydraulic conductivity, are presented in Appendix H 
Appendix H also presents tables that compare parameter terminology for the Bouwer 
and h c e  and Cooper et al methods (Table H-1), list input parameters for each test 
(Table H-2), and list test-data file names (Table H-3) The test-data files are presented 
in digital format 

2 5 2 1 The Bouwer and h c e  Method 

The Bouwer and h c e  method was developed specifically for the analysis of drawdown 
recovery tests and provides order of magmtude estimates of hydraulic conductivity 
(Bouwer and h c e  1976, Bouwer 1989) For the purpose of calculating hydraulic 
conductwity, the AQTESOLV program allows the user to choose among two curve 
matchmg techmques (1) automated curve matchmg generated by iterative nonlinear 
least-squares numencal methods and (2) visual curve matchmg The visual curve 
matchmg technique was the preferred method of analysis because it allows the user to 
neglect the data points representing pore dramage fiom withm the filter pack (initial 
steep curve on the time-drawdown plot) (Bouwer 1989) Data points representing 
radial flow through void spaces in the landfill were also neglected (mtial steep curve 
on the time-drawdown plot) Type curves for the Bouwer and k c e  method are 
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presented in Appendix H (Figure H-1) The Bouwer and &ce equation, whch was 
developed from the Thiem equation to solve for hydraulic conductivity (K), is as 

follows 

where 

K = hydraulic conductivity [L/T] 

rc = radius of casmg or mer pipe where the head is nsing (or falling) [L] 

Re = effective radial distance over whch the head is dissipated [L] 

r,  = honzontal distance to the undisturbed aquifer (borehole radius) [L] 

Le = length of open section (screen) [L] 

t = time 

yo = head at time to (start of test) [L] 

y, = head at time t (Ob) [L] 

[ ] = m t s  in whch terms are expressed, L = length, T = time 

The parameters rw, Le, and r, were determined from the well construction geometry 
(reported in Table 2-4 and shown in well construction diagrams presented in Appendix 
F) The radius of the well (rw) was considered as the radius of the borehole reported on 
the well construction logs Le was considered to be the vertical length between the top 
and bottom of the slotted-screen section of the well for wells in whch the screened 
section was fully saturated before the slug was introduced For wells in whch the 
depth to water was wthm the screened interval, Le was calculated as the length of the 
saturated screen interval In general, the parameter rc was taken as the radius of the 
well casing when the static water level was above the screened section However, 
when the water level was w h n  the screened Interval, an adjustment was made to the 
casing radius (rc) value to compensate for the thickness and hgh porosity of the sand 
pack around the well screen This adjustment was made because the sand pack 
normally drains at a quicker rate than the surrounding aquifer when the screened 
interval is not fully saturated 
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2 5 2 2 The Cooper Method 

The Cooper method (Cooper et al 1967) mathematically defines the hydraulic 
properties of the surrounding saturated formation after a known volume of water is 
instantaneously injected or wthdrawn from a well of firute diameter Observed 
hydraulic head displacement versus time plots are compared to a set of type curves for 
the deterrmnation of transmissivity (T) and storativity (S) (Appendix H, Figure H-2) 
Hydraulic conductivity was calculated from the transmissivity and storativity values 
Visual curve matchng was used and data points representing pore dramage from wthm 
the filter pack were neglected The Cooper method is based on the fdllowng equation 

Laplace solution for response in well 

where 

H = head in well at tune t [L] 

Ho = irutial head in well due to slug injection or wthdrawal [L] 

a = rw2S/r,Z [dmensionless] 

rw = effective radius of well [L] 

rc = internal radius of well casing [L] 

p = Tth? 

Jo = Bessel function of first lund, zero order 

J1 = Bessel function of first lund, first order 

Yo = Bessel function of second kind, zero order 
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Yl = Bessel function of second kind, first order 

KO = modified Bessel function of second kmd, zero order 

K, = modified Bessel function of second kmd, first order 

[ ] = units in whch terms are expressed, L = length 

2 5 2 3 Drawdown Recovery Test Results 

Table 2-5 presents the drawdown recovery test results from the Phase I WI&I The 
drawdown recovery tests give adequate spatial approximations of hydraulic 
conductivity, however, there are limitations associated wth the tests Water levels may 
not have stabilized before the tests were performed due to slow recharge rates in 
bedrock wells in the LHSU, such as wells 7C593 and 70893 Estimated hydraulic 
conductivities are only representative of the matenal a few radial feet around the 
borehole because of the small radius of influence induced by the drawdown stress 
Test results obtamed fiom partially penetrating wells may not be representative of the 
entire saturated thickness of the formation because of the heterogeneity of the geologic 
matenal 

Hydraulic conductivity estimates for surficial matenals in the UHSU range fiom 4 05 x 
10' to 2 99 x 10 centmeters per second (cdsec) for the Rocky Flats Alluvium, 6 20 x 
10' to 5 90 x 10" cdsec  for artificial fill wthout waste matenal, 1 35 x 10' to 9 62 x 
10" cdsec  for artificial fill wth waste matenal, and 1 29 x 10" to 1 48 x 10 cdsec  for 
weathered bedrock The hgh hydraulic conductivities for artificial fill wth waste 
matenal indicate the presence of void spaces w t h n  the landfill debns The low 
hydraulic conductivities for weathered bedrock reflect its composition (clayey siltstone 
and claystone) Hydraulic conductivity estimates for unweathered bedrock in the lower 
hydrostratigraphc u t  range fiom 4 73 x 10' cdsec  for fine-gramed sandstones to 
5 90 x 10' cdsec  for siltstones 

Table 2-6 compares hydraulic conductivity values calculated for the Phase I RFI/RI at 
OU 7 to hydraulic conductivity values obtamed from previous investigations at the 
landfill and values in the literature There are fewer sipficant figures for the values in 

this table than in Table 2-5 because of the uncertamty of the methodologies used to 
analyze hstoncal aquifer test data Phase I RFVRI hydraulic conductivities estimates 
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for sdicial  matenals and bedrock are wtlun an order of magmtude of values obtained 
from previous investigations and values in the literature 

Figures 2-18, 2-19, and 2-20 present the areal distnbution of hydraulic conductivity 
values for surficial matenals, weathered bedrock, and unweathered bedrock, 
respectively, using data from the Phase I RFIRI and previous investigations The 
figures also show whether values were obtamed from drawdown recovery tests or slug 
tests No distinct trends are apparent on any of the maps, however, the range of 
hydraulic conductwity values vanes by an order of magmtude on each map Hydraulic 
conductwity ranges from lo3  to 10" cdsec  for sdicial  matenis, 10" to lo7  for 
weathered bedrock, and 10 to 10" cdsec for unweathered bedrock The large range 
for sdicial  matenals is a result of the hgh vanability of constituent matenals, whch 
include clay, silt, sand, gravel, and waste matenal 

2 5 3 Groundwater Flow 

Groundwater elevation data from 34 momtonng wells were used to construct 
potentiometnc maps of saturated surficial matenals for the months of December 1992, 
January 1993, February 1993, and March 1993 (figures 2-21 through 2-24) 
Groundwater elevation data from 12 momtonng wells were used to construct 
potentiometnc maps of weathered bedrock for the same four months (figures 2-25 
through 2-28) These maps show that the configuration of the potentiometnc surfaces 
and hydraulic gradients changed little durmg that four-month penod Histoncal 
groundwater elevatron data inhcate that water levels are generally lower from 
December through March Groundwater elevations are presented in Table 2-7 and well 
construction debls  are summanzed in Table 2-4 

Groundwater elevations from several monitonng wells were below the reported 
elevation of the bottom of the well screen andor the top of weathered bedrock (Table 
2-8) The sdicial  matenals or weathered bedrock at most of these momtonng well 
locations was assumed to be unsaturated for the purpose of constructing potentiometnc 
maps Surfcial matenals at well B206389 were not considered unsaturated because 
measured water levels were below the screened section but above the weathered 
bedrock contact 

The groundwater flow observations discussed in tlus section are based on the 
configuration of the potentiometnc and isopach map surfaces presented in figures 2-2 1 
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through 2-28 and figures 2-29 and 2-30, respectively Hydraulic gradients were 
determmed by calculating the change in hydraulic head along the flowpath distance 
between two points Three flow paths were chosen to account for the observed change 
in hydraulic gradient from the man landfill area to the East Landfill Pond drainage 
area Well pair 5887/72293 was selected for measmng the flow path distance in the 
man landfill area, well pair B20638910786 was selected for the flow path distance in 
the East Landfill Pond drainage area, and piezometer-well par  TH047492/4 187 was 
selected for the flow path distance along the East Landfill Pond embankment 
Hydraulic head differences were detemned from the potentiometnc surfaces 
(figures 2-21 through 2-28) 

The potentiometnc maps show that surfcia1 groundwater w b  the Present Landfill 
generally flows to the east along the buned dramage The isopach maps confirm that 
areas of greatest saturated thdcness occur along this burred dramage The vertical 
hydraulic gradients between surficial and weathered bedrock groundwater generally 
show a downward component of flow This suggests that contaminated surficial 
leachate-groundwater may be affecting the groundwater quality in weathered bedrock 

2 5 3 1 Groundwater Flow in Surficial Matenals 

Based on the potentiometnc maps, the U-shaped patterns of the eqmpotential lines 
indicate that groundwater flow inside the intercept system is directed toward the center 
of the landfill However, the major component of flow is to the east (figures 2-21 
through 2-24) The mean hydraulic gradient computed from the monthly 
potentiometnc maps is 0 030 (Table 2-9) Groundwater flow in the East Landfill Pond 
dramage and east of the pond embankment appears to be topographcally controlled, 
with flow from the west, north, and south directed toward the East Landfill Pond or No 
Name Gulch The mean hydraulic gradient is 0 128 for the East Landfill Pond dramage 
and 0 16 for the East Landfill Pond embankment 

The saturated hckness maps show three areas where surficial matenals are unsaturated 
(figures 2-29 and 2-30) One consistently unsaturated area is located on the ndge south 
of the East Landfill Pond, a second is located at the southwest end of the landfill at well 
71693, and the h d  is located in No Name Gulch east of the East Landfill Pond 
embankment 
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The saturated duchess of surficial matenals is greatest near the center of the landfill in 
the vicimty of wells 72093 and 72293 (figures 2-29 and 2-30) The concenhc patterns 
of the isopach lines in h s  area suggest that recharge may be occurnng by groundwater 
flow under or through the north groundwater intercept system The geologic cross 
section presented in Figure 2-1 1 shows that this area is coincident wth a depression in 
the weathered bedrock surface Groundwater inflow may occur in this area where the 
groundwater intercept system is not keyed into bedrock 

2 5 3 2 Groundwater Flow 111 Weathered Bedrock 

Similar to flow in surficial matenals, groundwater in weathered bedrock generally 
flows to the east (figures 2-25 through 2-28) The mean hydraulic gradient computed 
from potentiomehc maps is 0 030 (Table 2-9) Groundwater flow in the East Landfill 
Pond dramage and east of the pond embankment is topographcally controlled and 
flows from the west, north, and south toward the pond The mean hydraulic gradient IS 
0 103 for the East Landfill Pond drainage and 0 254 along the East Landfill Pond 
embankment Weathered bedrock on the ndge south of the pond was unsaturated from 
December 1992 through March 1993 Weathered bedrock beneath No Name Gulch 
was unsaturated in February and March 1993 

2 5 3 3 Vertical Hydraulic Gradients 

Vertical hydraulic gradients were calculated using groundwater elevahons from four 
well pars (Table 2-10) A well pair consists of two wells, one screened across surfcial 
matenals and the other screened across weathered bedrock The vertical hydraulic 
gradients vary from December 1992 through March 1993 because of monthly changes 
in groundwater elevations Vertical hydraul ic gradients were calculated using methods 
in the 1992 annual RCRA groundwater monitonng report (EG&G 1993c) These 
calculabons were based on the assumption that the measured hydraulic head values 
were obtamed from homogeneous and isotropic groundwater flow systems The 
method used to calculate vertical hydraulic gradients is explamed in Table 2-10 

The vertical hydraulic gradients calculated range from 0 070 to 0 561 for well pair 
6487B206189,O 388 to 0 599 for well pair 4087A3207089, and 0 098 to 1 103 for well 
pau 70393/70493 The vertical gradients generally indicate a downward component of 
flow The vertical hydraulic gradient calculated for well par  70093/70193 ranges from 
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-0 057 to 0 024 The negative vertical gradient d u n g  January 1993 at h s  well parr 
indicates an upward component of flow 

Vertical hydraulic gradients were also calculated for well pa r  72393/72093 Both of 
these momtonng wells are completed in artificial fill but are screened across separate 
intervals Well 72393 is screened across the upper 7 feet of saturated matenal, and 
well 72093 is screened across the bottom 5 feet of saturated matenal The calculated 
vertical hydraulic grahents range from 0 005 to 0 003 at h s  well parr (Table 2-10) 
The low vertical gradient indicates a relatwely slow downward component of flow 
through artificial fill at h s  locabon . 

2 5 3 4 Groundwater Flow Velocities 

Groundwater flow velocities calculated for saturated surficial matenals and weathered 
bedrock approxmate advective transport rates for dissolved constituents In the 1992 
annual RCRA groundwater momtonng report (EG&G 1993c), an assumed effective 
porosity of 0 1 had been used to calculate groundwater flow velocities wthm the 
Present Landfill area However, estimated porosity values reported on the borehole 
logs are often greater than 0 1 for weathered bedrock (Appendix E) In addition, the 

effective porosity of surficial matenals wtlun the landfill may be slightly hgher than 
0 10 as a result of the presence of void spaces Because of the uncertarnty of the actual 
effective porosity values, an assumed range of effectwe porosity values (0 1 to 0 2) was 
used to calculate the groundwater flow velocities presented in Table 2- 1 1 

Honzontal Groundwater Flow Velocities in Surficial Matenals 

Average linear groundwater flow velocities for surficial matenals wthm the Present 
Landfill were calculated along three flow paths to account for the steeper gradients in 
the East Lana11 Pond dramage area and the East Landfill Pond embankment (Table 2- 
11) Input parameters for the calculation include geometnc mean hydraulic 
conductivity values, effective porosity (0 1 to 0 2), and mean hydraulic gradients for 
well pars along the flow paths Geometnc mean hydraulic conductivity values for 
artificial fill (2 99 x 10' cdsec) and colluvium (1 59 x 10' cdsec) were estimated 
using drawdown recovery test data for wells 71 193,71493,71893,72093,72293, and 
72393 (Table 2-6) The geometnc mean hydraulic conductmty value (1 59 x l ( r  
cdsec) for the Rocky Flats Alluvium, estimated using drawdown recovery test data for 
wells 70093,70393, and 70693, was used for colluvium wthm the East Landfill Pond 
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2 5 4  

2 5 4 1  

dramage area A hydraulic conductivity value of 1 27 x 10' cm/sec, measured at 
piezometer THO474492 (EG&G 1993e), was used for the East Landfill Pond 
embankment The average linear groundwater flow velocity in the landfill ranges from 
928 feet per year (Wyr) to 464 Wyr (well pair 5887/72293) The average linear 
groundwater flow velocity in the colluvial matenal in the East Landfill Pond dramage 
area ranges from 210 57 Wyr to 105 29 Wyr (well par  B206389/0786) Average linear 
groundwater flow velocities through the East Landfill Pond embankment are greatly 
retarded as a result of the clay core and range from 0 2 1 Wyr to 0 10 Wyr (piezometer- 
well pau TH047492/4 1 87) 

\ 

Groundwater Flow Velocrtres in Weathered Bedrock 

Average linear groundwater flow velocities for weathered bedrock were calculated 
along three flow paths (Table 2-1 1) Input parameters for the calculahon include a 
geometnc mean hydraulic conduchvity value of 4 37 x 10' cm/sec estimated using 
drawdown recovery test data for wells 70193 and 70493, assumed effective porosity 
values ranging from 0 1 to 0 2, and mean hydraulic gradients for well pars along the 
flow paths Average h e a r  groundwater flow velocities range from 0 14 Wyr to 0 07 
Wyr in the landfill area (well pax 5887/72293) Average linear groundwater flow 
velocities in the East Landfill Pond dramage range from 0 47 Wyr to 0 23 Wyr (well 
par  B206389/0786) Average linear groundwater flow velocihes through the East 
Landfill Pond embankment range from 1 15 Wyr to 0 57 Wyr (piezometer-well pair 
TH047492/4 187) In general, the groundwater flow velocities in weathered bedrock 
are one to three orders of magmtude lower than the groundwater flow velocities in 
surficial matenals 

Eflectiveness of Land311 Structures 

The effechveness of landfill structures can be evaluated using hstoncal groundwater 
elevatron data and TDS data 

Well Hydrograph Companson 

Well hydrographs were constructed for 25 momtomg wells completed in surficial 
matenals to compare water levels upgradient and downgradient of the landfili 
structures These wells are located along five north-south transects (AA-AA', BB-BB', 
CC-CC', DD-DD', and EE-EE) and one east-west transect (FF-FF') (Figure 2-3 1) The 
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well hydrographs, presented in figures 2-32 through 2-37, are used m conjunction with 
the potentiometnc (figures 2-21 through 2-28) and isopach (figures 2-29 and 2-30) 
maps to assess the effectiveness of landfill structures 

Transect AA-AA' Evaluation of the North and South Sides of the Groundwater 
Intercept System 

The well hydrograph presented in Figure 2-32 shows that water levels wthm the 
groundwater mtercept system are lower than water levels upgradient or outside the 
system Well 71693, located w h n  the groundwater intercept systefn, was consistently 
dry whle the saturated tluclcness on the upgradient side approaches 9 feet at well 7 1893 
(Figure 2-32) The tightly spaced configuration of the isopach lmes between wells 
71893 and 71693 (figures 2-29 and 2-30) mdicate that groundwater is bemg drawn 
toward the groundwater intercept system in h s  area The isopach lines upgradient of 
the north side of the groundwater mtercept system (between wells 70093 and 71 193) 
also indicate that groundwater is being drawn toward the intercept system The 
hydrograph for well 71493 shows that water levels have remamed constant and 
suggests that the leachate collection system is worlung properly, assummg there is a 
line sink controlling head in the vicimty, or that well 71493 is actually situated outside 
of the intercept system near the perforated dram 

Transect BB-BB'. Evaluabon of the North Side of the Groundwater Intercept 
System 

The well hydrograph presented in Figure 2-33 shows that the water levels wthm the 
intercept system are generally lower than the water levels outside of the system Well 
6287 is situated upgradient of the intercept system near the dram (refer to cross section 
C-C', Figure 2-1 1)  If the dram was worlung properly, the induced drawdown would 
have a noticeable unpact on the water levels at well 6287 However, the water levels at 
h s  momtomg well show seasonal fluctuations smlar  to those observed in wells 6087 
and 6187, situated upgradient of the influence of the dram, whtch suggests that the 
perforated dram near thls location is not worlung properly The configuration of the 
isopach (figures 2-29 and 2-30) and potentiometrrc (figures 2-21 through 2-24) maps 
indicate a source of recharge to the center part of the landfill The recharge may occur 
by groundwater flow under or through the north intercept system The potential cause 
of filure in the groundwater intercept system is illustrated in geologic cross section C- 
C' (Figure 2-1 1)  and shows that the intercept system is not keyed into bedrock, 
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indicatmg that groundwater may be flowing underneath the system 
inflow may also be occumng through a breach in the clay bamer 

Groundwater 

Transect CC-CC': Evaluahon of the South Side of the Groundwater Intercept 
System 

Figure 2-34 shows that water levels outside or upgradient of the mtercept system are 
hgher than water levels wthm the system Seasonal water-level fluctuations in wells 
6587 and 6687 (located outside of the intercept system) are simlar m magmtude to 
fluctuations observed in well 6487 (located mside of the system) ' Apparently these 
wells are situated beyond the extent of the drawdown influence induced by the 
groundwater intercept system The isopach maps (figures 2-29 and 2-30) indicate that 
the groundwater mtercept system is effectively diverting groundwater m h s  area The 
difference m saturated hcknesses (Figure 2-29) between wells 6587 (8 03 feet) and 
6487 (3 1 feet) confirm the effectiveness of the intercept system along transect CC- 
CC' 

Transect DD-DD': Evaluahon of the North Slurry Wall 

The well hydrograph presented in Figure 2-35 allows a cornpanson of the groundwater 
elevation data from a well par  (6787/6887) that straddles the north slurry wall The 
hydrograph shows that water levels in these two wells are generally withm two tenths 
of a foot of one another The isopach maps (figures 2-29 and 2-30) show that the 
saturated thicknesses at wells 6787 and 6887 are nearly identical ( w h n  a hundredth of 
a foot) Based on the well hydrograph and isopach maps, groundwater appears to be 
flowing over and/or through the slurry wall However, it is possible that the well pzur 
was not properly posiboned on either side of the slurry wall or that the slurry wall does 
not extend t h s  far to the east 

Transect EE-EE': Evaluahon of the South Slurry Wall 

The well hydrograph used to evaluate the effectiveness of the south slurry wall is 
presented in Figure 2-36 Generally, water levels inside of the slurry wall are lower (2 
to 6 feet at well B206389) than water levels measured outside of the slurry wall The 
potentiometnc (figures 2-21 through 2-24) and isopach (figures 2-29 and 2-30) maps 
indicate that groundwater flow is bemg diverted away from the landfill in thls area 
The isopach maps also show that saturated surficial matenals are slightly thxker on the 
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upgradient side of the south slurry wall, confirming the effectiveness of the system at 
h s  location 

Transect FF-FF': Evaluahon of the West Side of the Groundwater Intercept 
System 

The well hydrograph presented in Figure 2-37 shows seasonal water-level fluctuations 
of 3 to 5 feet in well B106089 compared to fluctuations of approximately 10 feet 
observed in wells located farther way from the intercept system Thls suggests that 
drawdown induced by the dram is affecting seasonal water-level fluctuations at well 
B106089 Based on these observations it appears that the perforated dram (refer to 
cross section E-E', Figure 2- 13) is working properly in h s  area Water levels outside 
of the system are consistently lower in wells situated near the groundwater intercept 
system suggestmg a downward gradient toward the dram The potentiometnc 
(figures 2-21 through 2-24) and isopach (figures 2-29 and 2-30) maps also indicate that 
groundwater is being drawn toward the intercept system Figure 2-30 shows that the 
saturated swrficial matenals are hcker  on the upgradient side of the intercept system 
(9 71 feet at well 0986), venfjmg that groundwater is being diverted around the landfill 
in this area 

Evaluation of the Leachate Collection System 

As discussed in Section 1 3 3, the leachate collection system dram to the buned West 
Landfill Pond, located in the vicimty of wells 72293 and 72493 Geologic cross 
section D-D' (Figure 2-12) illustrates the location of these wells wth respect to the 
bottom of the buned drainage and the West Landfill Pond The saturated thickness of 
landfill matenal at well 72293 is only 2 41 feet (figures 2-29 and 2-30), which suggests 
that there is no recharge to h s  area Therefore, the leachate collection system is not 
dischargmg groundwater andor leachate to the buned West Landfill Pond 

2 5 4 2 Groundwater Quality Cornpanson 

The distnbution of TDS was used to evaluate the effectiveness of landfill structures 
Comparison of groundwater quality data, for the purpose of evaluating the 
effectiveness of the groundwater intercept system, is based on the null hypothesis that 
TDS concentrations in groundwater outside of the intercept system are statistically 
different than TDS concentrations in groundwater inside of the intercept system 
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The confidence interval wdth about the mean was calculated using observations from 
each momtonng well location (Figure 2-38) to test the previously stated null 
hypothesis The followng equation (Sanders et al 1983), based on the assumption that 
the observations are normally distnbuted and are independent of each other, was used 
to calculate the confidence interval (CI) 

cI=x'fol,2 - (s&) 

where 

- 
X = mean 

tan = tabulated 'Y value at a specified level of sigmficance 

s = standard deviation 

n = number of observations 

CI = confidence interval wdth about the mean 

In practice, the normal distnbution assumption may be validated by the Central Limit 
Theorem, whch applies to sample populations where the number of observations 
approach 10, regardless of the underlying distnbution (Sanders et al 1983) Therefore, 
the normal distnbution assumption is justified for the data sets used to calculate TDS 
confidence interval wdths because the number of samples in each data set are either 
greater than or approach 10 observations (Table 2-12) In addition, quarterly andor 
monthly sampling rounds ensure that ob3ervations are independent The confidence 
interval wdths were computed using a confidence level of 90 percent wth  a two-taded 
level of sigmficance a12 The "t" constant value is a function of degrees of fieedom and 
probability of nonexceedance and was obtamed from tabulated values presented by 
Sanders et al (1983) Input parameters and computed confidence interval wdths are 
summanzed in Table 2-12 Confidence interval wdths were not calculated for wells 
wth a limited number of observations, instead the range and mean were used to 
compare TDS concentrations 

The spatial distnbution of TDS concentrations in surficial groundwater withm the 
Present Landfill area are presented in Figure 2-38 The map shows that TDS 
concentrations in general are sigmficantly greater in the landfill wthm the groundwater 
intercept system However, groundwater quality outside of the intercept system may 
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be affected by upgradient contaminant sources or by waste matenal disposed beyond I 

I 

the perforated dram ~ 

TDS concentrations in wells located along Transect AA-AA' (Figure 2-31) [wells 
70093 (170 milligrams per liter [ m a ] ) ,  71 193 (170 mg/L to 280 m a ) ,  and 71493 

(1 70 mg/L to 270 mg/L)] are similar Although wells 70093 and 7 1 193 are upgradient 
of the system and well 71493 is supposed to be downgradient, h s  similmty of TDS 
concentrations suggests that well 71493 may be situated upgradient of the intercept 
system near the dram The well hydrograph presented in Figure 2-32 also indicates that 
well 71493 may be upgradient The TDS concentrations at theselocations are also 
sigmficantly lower than TDS concentrations observed in nearby wells 72393 (1300 
mg/L) and 72093 (1200 mg/L) in the landfill indicating that waste matenal is probably 
not buned beyond the intercept system in h s  area 

TDS concentrations wthin the intercept system are sigmficantly greater than 
concentrations outside of the intercept system for wells located along Transect BB-BB' 
(Figure 2-31) Groundwater quality does not appear to be affected by waste matenal 
outside the intercept system in h s  area Groundwater flow under the north side of the 
groundwater intercept system may be diluting TDS concentrations in wells 6387 (CI = 

556 mg/L, to 502 m&), 72393 (1300 mg/L), and 72093 (1200 mg/L) because the 
concentrations are much lower than elsewhere in the landfill (well 72293, 1700 mg/L) I 

In reference to the wells located along Transect CC-CC' (Figure 2-31), TDS 
concentrations in well 6487 (CI = 380 mgL to 298 mg/L), located w h n  the intercept 
system, are sigmficantly greater than TDS concentrations in well 6587 (CI = 249 mg/L 
to 215 m a ) ,  located outside the system Th~s indicates that the south side of the 
groundwater intercept system is diverting groundwater around the landfill Well 
hydrograph (Figure 2-34) and isopach maps (figures 2-29 and 2-30) confirm h s  

interpretation However, elevated TDS concentrations in well 6687 (CI = 441 mg/L to 
242 mg/L) imply that waste matenal or an upgradient contarmnant source may have an 
impact on groundwater quality in thls area 

I 

TDS concentrations in wells 6787 (CI = 191 mgL to 160 mg/L) and 6887 (CI = 216 
mg/L to 176 mg/L) located along Transect DD-DD' (Figure 2-3 1) are similar to TDS 
concentrations in upgradient wells 70093 (170 mg/L) and 70393 (190 mg/L) The TDS 
concentrations in wells 6787 and 6887 suggest that buned waste matenal does not 
extend h s  far to the north and that the well par  does not straddle the north slurry wall 
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The north slurry wall may actually be located W l e r  to the south or may not extend 
thls far to the east 

In reference to the wells located along Transect EE-EE' (Figure 2-31), the TDS 
concentrations in well B206389 (CI = 726 mg/L to 619 m a ) ,  located downgradient of 
the south slurry wall, are significantly greater than the TDS concentrations in wells 
7287 (CI = 372 mg/L to 321 m a )  and B206489 (405 mg/L to 359 mg/L), located 
upgradient of the south slurry wall The distnbution of TDS concentrations along the 
EE-EE' transect suggest that groundwater is diverted away from the south slurry wall, 
whch is supported by the well hydrograph (Figure 2-36) and isopach maps 
(figures 2-29 and 2-30) However, TDS concentrations in wells 7287 and B206489 are 
sigmficantly hgher than TDS concentrations in upgradient wells 70093 (170 mgiL) 
and 70393 (190 mg/L) suggesting that the groundwater quality in h s  area may be 
affected by contaminant sources in IHSSs 166 1, 166 2, and 166 3 

TDS concentrations in well B106089 (CI = 406 mg/L to 301 m a ) ,  located close to 
the groundwater intercept system, are significantly greater than the TDS concentrations 
in wells 5887 (CI = 182 mg/L to 154 mg/L), 1086 (CI = 147 mg/L to 125 mg/L), and 
70393 (190 mg/L), whch are located farther away The elevated TDS concentrations 
in well B106089 indicate that groundwater quality may be affected by contaminant 
sources in IHSS 203 or by waste matenal buned beyond the intercept system (Transect 
FF-FF' [Figure 2-3 11) 

2 5 4 3 Sigmficance of Compmsons 

The groundwater elevation data (potentiometnc maps, isopach maps, and well 
hydrographs) indicate that the groundwater intercept system is hchoning effectively 
except on the north side between Transects AA-AA' and BB-BB' The isopach maps 
show that groundwater flow is occurring under and/or through the groundwater 
intercept system in thls area There IS also compelling evidence based on the 
groundwater elevation data that the south slurry wall is effectively diverting 
groundwater around from the landfill Based on supporting evidence from the TDS 
distnbution map, it is apparent that well pair 6787/6887 does not straddle the north 
slurry wall Therefore, an adequate assessment of the effectiveness of the north slurry 
wall cannot be made 

175220\sectionZ doc 2-35 Draft 411 5/94 



OU 7 Revised Work Plan Section 2 

2.6 

The TDS distnbution map shows that maximum TDS concentrations in surficial 
matenals occur wthm the groundwater intercept system, wth  the lughest 
concentrations in the center of the landfill Elevated TDS concentrations are observed 
in wells located beyond the limit of the groundwater intercept system and slurry walls 
along the western and southern penmeter of the landfill The groundwater quality 
outside of the south slurry wall may be affected by contaminant sources in the PU&D 
yard and in IHSSs 166 1, 166 2, and 166 3 Waste matenal b u e d  beyond the limit of 
the intercept system may be affecting groundwater quality along the western and 
southwestern penmeter of the landfill 

Surface-Water Hydrology 

Surface-water hydrology at OU 7 is controlled hy natural dramages, ditches, a surface- 
water diversion system, a subsurface drainage control system, a detention pond, a spray 
evaporation system, and surface-water runoff Hydrologic data used to charactenze 
OU 7 were compiled from previous landfill investigations (DOE 1991b and EG&G 
19910, sitewde dramage and flood-control reports (EG&G 1992d and 1992e), 
precipitation data (Pamp 1993), and pond water elevation measurements, flow rate 
measurements, and pond sediment conng activities of the Phase I RFVRI Descnptions 
of the landfill structures and intenm response actions are included in Section 1 3 3 
Descnptions of natural surface-water features, surface-water runoff, infiltration through 
the existing soil cover matenal, and groundwater-surface water interactions are 
presented in the followng sections Water balance data are presented in Appendix I 
Inflows and outflows to the OU 7 watershed are quantified, and a water balance IS 

presented The water balance calculates the change in storage and determines the 
resultant surface-water elevations of the East Landfill Pond 

2 6 I Drainages and Ditches 

The Rocky Flats site is drained by three intermittent streams and their tnbutanes Rock 
Creek, Walnut Creek, and Woman Creek (Figure 1-2) Flow is generally from west to 
east and occurs manly after precipitation events or d u n g  spnng snowmelt 

The Walnut Creek drainage basin occupies approximately 3,110 acres from the base ot 

the footlulls near the mouth of Coal Creek Canyon, through the Rocky Flats site, to 
Great Western Reservoir Walnut Creek is compnsed of three tnbutanes No Name 
Gulch, North Walnut Creek, and South Walnut Creek These tnbutarres drain the 
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central and northeastern area of the Rocky Flats site, including the northernmost 
portion of the industrial area The three tnbutanes converge in the northeast buffer 
zone west of Indiana Street From th~s confluence, the Walnut Creek dramage extends 
approximately 1 mile east to Great Western Reservoir Just east of the plant boundary, 
water from Walnut Creek is diverted around Great Western Reservoir to Big Dry Creek 
via the Broomfield Diversion Canal, which is an offsite canal operated by the city of 
Broomfield 

There are seven water supply ditches that occur in the Rocky Flats drsunage system 
Two ditches, McKay Ditch and Upper Church Ditch, are located just north of OU 7 in 
the Walnut Creek h n a g e  basln (Figure 2-1) McKay Ditch conveys water from Coal 
Creek to Great Western Reservoir via Walnut Creek Upper Church Ditch conveys 
water from Coal Creek directly to Great Western Reservoir for storage purposes 
These ditches have not diverted water since 1989 (Weatherbee 1993) 

\ 

Surface-water flow to the landfill is controlled by a diversion ditch constructed around 
the north, west, and south penmeter of the landfill The north and south branches of 
the ditch discharge into small natural drainages that flow to points downslope of the 
East Landfill Pond embankment in No Name Gulch Standing water may be observed 
in sections of the ditch after a significant storm event or snowmelt 

2 6 2 Landfill Seep 

Surface-water sampling station SW097 is located at the base of the east face of the 
landfill where leachate seeps from the landfill into the East Landfill Pond Dmng field 
activities for the Phase I RFI/RI field investigation at OU 7, leachate flow rates were 
estimated between 0 01 and 0 02 cubic feet per second (cfs) Table 2-13 shows 
hstoncal flow rates measured at station SW097 These data are lncomplete and not 

consistent wth other discharge monitonng efforts In August 1990, landfill leachate 
discharge was measured using a tempormly installed 8-inch Palmer-Bowlus flume 
The flow rate was measured at 0 015 cfs (EG&G 19910 

2 6 3 Intercept System Discharge Points 

Surface-water sampling stations SW099 and SW100, located downslope in No Name 
Gulch, are discharge points A senes of valves control the discharge points of the 
groundwater intercept system Dmng the four-month Phase I field investigation at OU 
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7, intercepted groundwater was presumably discharged into the East Landfill Pond 
rather than No Name Gulch No flows were observed at station SW100, the southern 
groundwater intercept discharge point Flow was observed once, in March 1993, at 
station S W099, the northern groundwater intercept discharge point Discharge was 
measured at a flow rate of 0 003 cfs The water in the concrete weir may have 
onginated from snowmelt or precipitation instead of being discharged from the 
groundwater intercept system 

2 6 4 East Landfill Pond and Spray Evaporation System 
\ 

The East Landfill Pond and surrounding slopes are considered a subbasin wthin the 
OU 7 watershed and are referred to as the East Landfill Pond dramage basin The pond 
is recharged by groundwater, leachate, and surface-water runoff fiom the landfill and 
surrounding slopes Surface-water sampling station SW098 is located in the central 
east section of the pond adjacent to the dam Water surface elevations are recorded at 
h s  site dmng sampling events Histoncal water surface elevations for station SW098 
range from 5,919 0 to 5,920 5 feet 

Water loss from the pond consists of natural and controlled evaporation The pond 
water volumes fluctuate seasonally On average, the volume occupies 2 5 surface area 
acres An emergency spillway, located at the southeast comer of the pond (Figure 2-1), 
is at an elevabon of approximately 5,921 feet Pond water levels are controlled by 
spray evaporation to prevent ovefflow into the spillway dramng to No Name Gulch 
The spray evaporation system operates six months per year Ideally, the spray 
evaporation system reduces East Landfill Pond water volumes to 75 percent capacity 
(5 65 million gallons) When water levels approach the spillway elevation and spray 
evaporation does not sigmficantly reduce the pond volume, water is diverted to Pond 
A-1 or A-2 This emergency response to elevated water levels rarely occurs and was 
last known to have occurred in March 1992 

Sediment in the East Landfill Pond ranges fiom 0 5- to 0 8-feet thlck and consists of 
clay, silt, and orgmc matter The upper 0 2 to 0 5 feet consists of black silt and clay 
wth  very fine roots occumng in either thin mats or scattered throughout the core No 
bedding or lamination were visible The remaining 0 3 to 0 4 feet of core consists of 
very dark gray clay wth some silt Very fine roots were observed but they decreased 
with depth Olive gray claystone was present at the bottom of core SED70193 The 
moisture content of the cores ranged from 40 to 50 percent 
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2 6 5 Surface- Water Runofl 

The relationshp between precipitation and the resulting runoff in the OU 7 drainage 
basin was examined Many factors affect ths  relationshp, such as the topography, 
geology, soil types, and physical charactenstics of the basin The OU 7 drainage basin 
charactenstics were delineated in the Rocky Flats drainage and flood control master 
plan (EG&G 1992d) The average slope of the basin is estimated at 0 037 feet per feet 
(Wfi) Six percent of the drainage basin area is designated as impervious to infiltration 
Impervious retention (the retention of ranfall in depressions such as road ways or 
parlung lots that does not contnbute to runoff or infiltration) is expressed as an 
equlvalent depth of ranfall and is estimated at 0 10 inches Conversely, pervious 
retention (the retention of ranfall in depressions or on vegetation that does not 
contnbute to runoff but can infiltrate) is assumed to be 0 5 inches (EG&G 1992d) 

\ 

2 6 6 Infiltration 

Infiltration is the process by which precipitation moves downward into the soil 
Surface effects between the soil particles and the water exert tension that draws 
moisture downward into the soil through capillary passages Factors influencing rates 
of infiltration include soil type, soil cover, slope, precipitation intensity, antecedent 
moisture content of the soil, and water quality Infiltration rates are quantified using 
Horton’s equation (EG&G 1992d) as follows 

F = Fo + (Fi - Fo)eLt 

where 

F = infiltration rate (inches per hour) 

Fi = irutial infiltration rate (inches per hour) 

Fo = final irifiltration rate (inches per hour) 

a = decay coefficient 

t = time (seconds) 

Site-specific coefftcients and input parameters used to calculate the infiltration rate for 
the OU 7 drainage basin are Fi = 3 5 (inches per hour), Fo = 0 55 (inches per hour), and 
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a = 0 0013 (EG&G 1992d) The infiltration rate is irutially 3 5 inches per hour but 
decreases exponentially to 0 5 inches per hour in the first hour The potential 
infiltration rate is hghest at the begimng of a precipitation event As infiltration 
continues, the wetted zone in the soil expands downward and the infiltration rate 
decreases in an exponential manner until the soil reaches field capacity At field 
capacity the soil is holdmg all of the water that it can under the pull of gravity 
Precipitation greater than the amount of water infiltrated results in surface-water runoff 

2 6 7 Water Balance 

Water-balance calculations for the Present Landfill area, presented in the groundwater- 
surface-water collection study (EG&G 199 1 f), accounting for precipitation, 
evapotranspiration, and soil-water storage resvlted in zero recharge to the surficial 
groundwater system due to the high evapotranspiration rate An alternative method 
accounting only for runoff assumed that 75 percent of the incident precipitation 
infiltrated through the soil cover to recharge the surficial groundwater l h s  method 
most likely overestimates recharge from precipitation because soil evaporation loss was 
neglected In semiand regions where the duration of storm events is low to moderate, 
the soil evaporation loss is a major component in the water-balance calculations 

The Phase I W I R I  water balance for the OU 7 watershed is confined to the drainage 
boundary of the Present Landfill within the surface-water diversion ditch and the East 
Landfill Pond drainage basin The inflows and outflows for the water balance are 
illustrated schematically in Figure 2-39 and are quantified for a typical year in Table 
2-14 The storage volume of the East Landfill Pond is calculated by addmg the inflows 
and subtracting the outflows using the followng equation 

A East Landfill Pond Storage = Inflows - Outflows 

Inflows = precipitation + infiltration + groundwater inflow + groundwater 
base flow + surface runoff + discharge from the groundwater 
intercept system + runoff from spray evaporation 

Outflows = evaporation from the landfill surface + downward seepage + 
pond evaporation + evapotranspiration 

Each of the components of the water balance on Table 2-14 are descnbed below 
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2 6 7 1  

2 6 7 2  

2 6 7 3  

2 6 7 4  

2 6 7 5  

2 6 7 6  

Column A, Month 

All rows of the water balance table are entered monthly, starting wth January and 
ending in December 

Column B, Precipitation 

Precipitation is reported as average monthly rainfall Precipitation data were obtained 
from the Rocky Flats meteorological station (Figure 2-3) 

\ 

Column C, Pan Evaporation 

Pan evaporation data were taken directly from meteorological station monthly pan 
evaporation data for the penod October 1991 to September 1992 (Appendix I) 
Collection of pan evaporation data was discontinued after September 1992 The 
evaporation pan is assumed to be the standard Weather Bureau Class A pan The pan is 
screened and is estimated at 3 to 4 feet in diameter and 10 inches in depth Pan 
evaporation data were used to calculate evaporation from the East Landfill Pond 
(Column L) 

Column D, Infiltration 

Infiltration of precipitation into the surficial matenal covenng the landfill surface was 
estimated at 5 percent of the total monthly precipitation, based on evaporation of 75 
percent (see Column E) and a runoff coefficient of 20 percent (see Column I) 

Column E, Evaporation from the Landfill Surface 

Evaporation of incident precipitation from the surface of the landfill was estimated at 
75 percent of the total monthly precipitation (Brady 1974) 

Column F, Groundwater Inflow Under the Groundwater Intercept System 

The monthly volume of groundwater inflow under the north groundwater intercept 
system into the landfill was estimated using the followng equation based on Darcy's 
Law and the Dupuit-Forchheimer assumptions (McWhorter and Sunada 1977) 

Q = Kh dyh 

2-4 1 Draft 41 I W 4  17522O\stction2 doc 



OU 7 Revised Work Plan Section 2 

where 

Q = volumetrrc flow [LVT] 

K = hydraulic conductivity [L/T] 

h = thickness of flow and hydraulic head [L] 

dWdx = hydraulic gradient [dimensionless] 

Assumptions used in the calculations include homogeneous and isotropic flow 
conditions, steady one-dimensional flow, the cross-sectional area of flow decreases 
along the flow path as the saturated hckness decreases, flow is normal to the intercept 
system, and inflow occurs through a 444-foot-long section where it is presumed that 
the intercept system is fading The input parameters include a hydraulic conductivity 
value of 2 99 x 10 cdsec  (geometnc mean value for artificial fill, Table 2-5), a 
hydraulic gradient of 001 obtamed fiom well pax 618716287, and saturated 
thcknesses along the 444-foot-long stretch of the intercept system were determined 
fiom the isopach maps (figures 2-29 and 2-30) The groundwater inflow calculations 
and relevant parameters are summarized in Appendix I 

2 6 7 7 Column G, Downward Seepage from the Landfill 

The volume of groundwater seeping from the landfill down into weathered bedrock, 
vertical flow (Q), was estunated from Darcy's Law by multiplying the vertical Darcy 
flux (qJ by the cross sectional area (A), where Q = %A Assumptions inherent in the 
estimate include homogeneous and isotropic flow conditions, steady one-dimensional 
flow, vertical flow normal to the weathered bedrock surface, and vertical flow through 
fully saturated units The input parameters used to estimate vertical seepage include a 
hydraulic conductivity value of 4 37 x 10 cm/sec (geometnc mean value for 
weathered bedrock groundwater, Table 2-5), a vertical hydraulic gradient of 0 054 
(geometrrc mean value, Table 2- 10) for the December 1992 flux calculations, a vertical 
hydraulic gradient value of 0 080 (geometnc mean value, Table 2-10) for the March 
1993 flux calculations, and a seepage area of 714,375 square feet (see Appendix I) 
The vertical hydraulic gradient value for the December flux calculations was obtained 
from February 1993 groundwater elevation data because it is assumed to be more 
representative of the actual flow conditions The geometrrc mean value of 0 483 for 

December 1992 was obtained from only two observations and would greatly 
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overestimate the volume flux The well hydrographs (figures 2-32 through 2-37) venfy 
that surficial groundwater conditions in December 1992 are similar to conditions in 
February 1993 

2 6 7 8 Column H, Groundwater Base Flow 

As stated earlier, it is assumed that groundwater w h n  the surficial matenal of the 
landfill is isolated from the underlying unweathered bedrock Although a deeper 
groundwater system wthm the bedrock exists, it is assumed that the gradient between 
these two groundwater systems is negligible in compmson to the gradient of flow to 
the East Landfill Pond A constant base flow to the pond is assumed (see 
potentiometnc maps, figures 2-21 through 2-24) The magmtude of groundwater base 
flow is based on Darcy's Law, as follows 

where 

Q = groundwater flow 

K = hydraulic conductivity 

I = hydraulic gradient 

A = cross-sectional area of flow 

As descnbed in Section 2 5, the average hydraulic conductivity of landfill matenal is 
2 99 x 10 ' cdsec  The average hydraulic conductivity of colluvium is 1 59 x 10" 
cdsec  The area surrounding most of the East Landfill Pond is assumed to have the 
same average hydraulic conductivity as the colluvium (1 59 x 10' cdsec) Based on 
data fkom December 1992 to March 1993, the groundwater hydraulic gradient wthm 
the vicnuty of the East Landfill Pond is equal to an average of 0 128 Wft Finally, to 
calculate the rate of groundwater base flow to the East Landfill Pond a cross-sectional 
area of flow must be estimated Because most of the East Landfill Pond bottom is 
underlam by unweathered bedrock, the cross-sectional area of flow is defined by the 
depth of groundwater at the pond shoreline Ths groundwater depth can be defined by 
existing seeps and is estimated at a depth of 5 feet (see geologic cross section G-G', 
Figure 2-1 5) The cross-sectional area of flow is estimated by multiplying the depth of 
flow (5 feet) by the length of the pond shoreline (approximately 1,500 feet) The area 
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is approxlmately 7,500 square feet Substituting the above values into the Darcy's Law 
equation gives a monthly average groundwater infiltration rate of approximately 0 097 
or 0 10 mlligrams per month 

The monthly volume of groundwater flowing laterally through the system was 
estimated from the Dupuit-Forchheimer equation (see Column F descnption) The 
followng assumptions were used to estimate the lateral outflow the cross-sectional 
area of lateral flow decreases along the flow path as the saturated thtckness decreases, 
isotropic and homogeneous flow conditions exist, steady one-dunensional flow exists, 
and lateral flow is normal to the eastern boundary of the landfill (Figure 2-40) The 
input parameters for lateral flow include a hydraulic conductivity value of 2 99 x 10 
cdsec  and lateral hydraulic gradients of 0 129 for December 1992 and 0 128 for 
March 1993 (hydraulic gradients for the East Landfill Pond drainage area were used, 
Appendix I) The isopach maps (figures 2-29 and 2-30) were used to determine the 
saturated thicknesses along the eastern boundary 

2 6 7 9 Column I, Runoff 

The OU 7 watershed is located in the drainage area of No Name Gulch and occupies 
approximately 37 acres The watershed has been divided into four subareas 
(Figure 2-41), each having different runoff charactenstics Area I incorporates the 
Present Landfill and contams 22 3 acres Area I1 is an engineered slope just below the 
landfill and above the East Landfill Pond Thls subarea has light vegetation and 
occupies 2 5 acres Area 111 consists of hghly vegetated steep slopes on the north and 
south sides of the East Landfill Pond and contams 9 3 acres Area IV is the East 
Landfill Pond, whch covers 2 4 to 2 7 acres 

The monthly surface runoff is estimated using the runoff coefficient (C) of the Rational 
Method formula (Appendix I) The runoff volume for each subarea is estimated as a 
fraction of the total precipitation by multiplying the total rsunfall volume by the subarea 
runoff coefficient The magmtude of the runoff coefficient is dependent upon surface 
slope, permeability, vegetation, and roughness (Appendix 1) The estimated areas and 
runoff coefficients of each subarea are as follows 

0 Area I - 22 3 acres, flat, no vegetation c = 0 2 0  

0 Area I1 - 2 5 acres, steep, light vegetation C = 0 50 
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Area I11 - 9 3 acres, steep, heavy vegetation 

0 Area IV - 2 5 acres, leachate pond suriace 

As shown above, a runoff coefficient of 1 00 is delineated for the leachate pond surface 
to sunulate the direct storage of ramfall in the pond Total monthly landfill runoff is 
estimated wth  the followng formula 

C = 0 40 

C = 1 00 

Runoff = (precip )(Area I)(O 2) + (precip )(Area II)(O 5) + 
(precip )(Area III)(O 4) + (precip )(Area IV) , 

2 6 7 10 Column J, Discharge to Pond from the Groundwater Intercept System 

The volume of water discharging to the East Landfill Pond via the groundwater 
intercept system was calculated for high and low flow penods using Darcy's Law and 
the Dupuit-Forchheimer assumptions (Appendix I) The Dupuit-Forchheimer 
assumptions include isotropic and homogeneous flow, steady state flow, honzontal 
flow, a hydrostatic pressure head distnbution along all vertical planes, flow normal to 
the dram, and a honzontal, impermeable weathered bedrock surface (McWhorter and 
Sunada 1977) 

The well hydrograph presented in Figure 2-37 indicates a sloping water table toward 
the perforated dram, venfying the Dupuit-Forchheimer assumptions The near-constant 
head conditions observed in well B106089 confirm the proximity of that well to the 
perforated dram The problem is simplified by assuming that the observed hydraulic 
head in well B106089 represents the hydraulic head in the filter pack that surrounds the 
perforated pipe Based on th s  assumption, groundwater elevation data obtruned from 
wells 5887 and B106089 were chosen to satisfy the 4, h, and L boundary conditions in 
the followmg equation 

Q = K I 2 L ( h  - h r 2 )  
X 

where 

Q = volumettrc flow rate into drain [L3/T] 

K = hydraulic conductivity [LIT] 

h, = hckness of flow and head potential at a distance [L] from the dram { 1) 
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h, = thdness  of flow and head potential at the dram [L] 

L = distance between k, and h, ([L] 

A hydraulic conductivity value of 2 99 x 10-5 cm/sec (8 46 x 10-2 Etlday) was used to 
solve for the volumetnc flow rate (Q) The resulting flow rate across the seepage face 
at well B106089 is assumed to be intercepted by the drain and diverted to the East 
Landfill Pond Calculations and relevant input parameters used to solve the equation 
are presented m Appendix I The volumetnc flow rate per u t  area was multiplied by 
the length of the dram (1,748 feet) that is effectively intercepting groundwater Thls 
value was obtamed by subtracting the length of the north groundwater intercept system 
that is presumed to be faling (444 feet) from the total length of the dram (2,192 feet) 
Solving for Q in the equation yields a monthly volume of flow that is intercepted by the 
dram and diverted to the East Landfill Pond (Appendix I) 

The volumetnc flow rate into the dram per unit area ranges from 4 32 x 102 cubic feet 
per day per square feet (ft3/day/ft2) in December to 4 26 x 10 ft3/day/ft2 in March The 
monthly volume of intercepted groundwater diverted to the East Landfill Pond ranges 
from 2,341 cubic feet (A3) in December to 2,308 ft3 feet in March The flow rates 
computed for December 1992 (low flow penod) are unexpectedly hlgher than the 
computed flow rates for March 1993 (high flow penod) However, the Dupuit- 
Forchheimer discharge equation is limited by many simplifling assumptions 
Violation of the homogeneous and isotropic assumptions may have slightly 
overestimated the December 1992 flow rate andor slightly underestimated the March 
1993 flow rate Despite these differences, the computed flow rates for December 1992 
and March 1993 vary only slightly suggesting that the flow rate into the dram remains 
relatively constant The monthly volume of intercepted groundwater for March 1993 
was used m the water balance 

2 6 7 11 Column K, Downward Seepage from the East Landfill Pond 

The volume of groundwater seeping from the East Landfill Pond down into weathered 
bedrock, vertical flow (Q), was estimated from Darcy's Law by multiplying the vertical 
Darcy flux (Q by the cross-sectional area (A), where Q = qJ Assumptions inherent 
in the estimate include homogeneous and isotropic flow conditions, steady one- 
dimensional flow, vertical flow normal to the weathered bedrock surface, and vertical 
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flow through filly saturated units 
seepage are the same as the input parameters listed in Column G 

The input parameters used to estimate vertical 

2 6 7 12 Column L, East Landfill Pond Evaporation 

Reservoir and pond evaporation are commonly estimated as a fraction o f  the pan 
evaporation rate For Weather Bureau Class A pans, pond evaporation is typically 
calculated as approximately 7 0  percent of the pan evaporation rate (Linslay et a1 
1975) Assuming h s  70 percent reduction, the monthly pond evaporation volume is 
estunated by the followng formula \ 

Pond evaporation = (-pan evap )(0 7)(pond surface area) 

As shown in Table 2-14, pond evaporation rates for December, January, and February 
are zero because the East Landfill Pond is typically covered wth ice 

2 6 7 13 Column M, Total Volume o f  Spray Evaporation 

Total spray evaporation represents the total volume o f  water sprayed on the grassy 
slopes around the pond for a given month Because hstoncal data on actual spray 

volumes are mimmal, the estimated volume is based on typical operation procedures 
d u n g  the spray evaporation season (Andrews and Murray 1993) 

The approxunate spray evaporation pump rate is 700 gallons per minute Spray 
evaporation is generally conducted from May to October Spray evaporation does not 
take place on days when it is rsuning or there is sigmficant cloud cover For the 
purpose o f  the water balance, an average o f  22 spray evaporation days per month was 

assumed Spray evaporation pumps are generally turned on at 8 00 or 9 00 a m  and 
turned off at 4 30 or 5 00 p m For the purposes of the water balances, an average o f  7 
hours of pump operation per day were assumed Based on the operational parameters 
and assumphons, an average monthly total spray evaporation is estimated as follows 

Total flow = (700 gal/min)(60 min/hr)(7 hr/day)(22 day/month) 
= 6,468,000 gaymonth 
= 6 47 MG/month 
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where 

gal/mm = gallons per minute 

min/hr = minutes per hour 

hr/day = hoursperday 

gal/month = gallons per month 

MG/month = million gallons per month . 
2 6 7 14 Column N, Runoff From Spray Evaporation 

Approximately 90 percent of the total volume of water pumped through the spray 
evaporation system runs back into the leachate pond (Andrews and Murray 1993) and 
therefore spray evaporation runoff is estimated as 90 percent of the total spray volume 

2 6 7 15 Column 0, Grass Area Evapotranspiration 

As stated above, approximately 90 percent of the total volume of water pumped 
through the spray evaporation system runs back into the leachate pond It is assumed 
that no infiltration occurs and the remaimng 10 percent of the total volume pumped 
undergoes evapotranspiration 

2 6 7 16 Column P, East Landfill Pond Storage 

The monthly pond storage is equal to the sum of the previous month storage, Column 
H (Groundwater Base Flow), Column I (Surface Runoff), Column L (Landfill Pond 
Evaporation), and Column 0 (Grass Area Evapotranspiration) Based on histoncal 
data, a starting storage volume of 6 0 million gallons (MG) in January is assumed 

2 6 7 17 Column Q, Pond Water Surface Elevation 

The pond surface water elevation is estimated with the East Landfill Pond capacity 
chart (Appendix I) The curve was generated from a detaded survey of the pond 
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2 6 8 Groundwater-Surface- Water Interactions 

As shown by the water balance presented in Table 2-14, the reduction or increase in 
leachate pond volume is pnmmly determined by the magmtude of monthly ramfall 
runoff, spray evaporation, and direct pond evaporation Ideally, the spray evaporation 
system is operated wth the intent of reducing the pond volume to 75 percent capacity 
or 5 65 MG by the end of the spray season in October As shown in the water balance, 
under normal ranfall and spray evaporation conditions, the pond volume can be 
reduced to 5 43 MG by the end of October Although a reduction under 75 percent 
capacity is acheved, it is interesting to note that the peak surface-water elevation in 
May reached a level of approximately 592 1 feet, the approximate spill elevation 

The hydrographs presented in figures 2-32 through 2-37 show seasonal water-level 
fluctuations at most of the momtonng well locations These water-level fluctuations are 
compared to monthly precipitation data acquired from the Rocky Flats meteorological 
station (Pamp 1993) The precipitation hydrographs presented m figures 2-32 through 
2-37 show that seasonal groundwater elevations roughly coincide wth  monthly 
precipitation although some lag is apparent Thls suggests that surficial groundwater 
and/or leachate is recharged from precipitatron that infiltrates through the soil cover 
The infiltration rate through the soil cover vanes from 3 5 inchedhour to 0 55 
incheshour 

The East Landfill Pond is the major surface-water feature wtlun OU 7 The East 
Landfill Pond impounds groundwater-leachate generated by the landfill The majonty 
of the surface-water inflow to the East Landfill Pond occurs as runoff from spray 
evaporation and drainage from the seep located near the west end of the pond 
Groundwater from the groundwater intercept system can be discharged into the pond at 
two outfall points located along the northern and southern shoreline Pond water 
evaporates dlrectly to the atmosphere or via spray imgation onto the lullsides adjacent 
to the pond 

Water elevations in surfcial groundwater and surface-water elevations at the East 
Landfill Pond have similar seasonal trends, whch suggests that surficial groundwater 
and surface water in the pond are hydraulically connected The water levels in well 
0786, screened in sdicial  matenals, are consistently greater than the East Landfill 
Pond water levels, suggesting that surficial groundwater is continuously recharging the 
pond Water levels in weathered bedrock well (B206789) show extreme water-level 
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fluctuahons, possibly the result of quarterly sampling events As a result, seasonal 
trends are not apparent and correlation of weathered bedrock groundwater wth pond 
surface elevations is not possible The hydrograph data are inconclusive regarding a 
hydraulic connection between the weathered bedrock and the pond However, 
observed water levels in well B206789 are consistently lower than the pond water 
elevations indicating that the East Landfill Pond may be recharging the weathered 
bedrock near the shoreline Estimated vertical hydraulic gradients between the East 
Landfill Pond and the weathered bedrock groundwater system are presented in 
Appendix I Based on these vertical gradients and a hydraulic conduchvity value of 
4 37 x lo” cdsec, and assuming homogeneous, isotropic, steady state, one- 
dimensional flow, the vertical Darcy flux (geometnc mean) through the pond- 
weathered bedrock interface is 8 55 x 10 8 cdsec  

The configurabon of the potentiometnc maps (figures 2-21 through 2-24) suggest that 
water is seeping through the East Landfill Pond embankment The equipotential lines 
of the sdicial  and weathered bedrock groundwater systems are tightly spaced along 
the embankment indicating a steep gradient toward No Name Gulch The volume of 
water seeping through the embankment is probably minunal as indicated by the isopach 
maps (figures 2-29 and 2-30) whch show a saturated hckness of less than 2 5 feet in 
h s  area Based on the hydraulic conductivity value of 1 27 x lo-’ cdsec  measured at 
piezometer THO47292 (EG&G 1993b) and a mean hydraulic gradient of 0 16, the 
lateral Darcy flux through the embankment is 2 03 x 108 cdsec, assuming 
homogeneous, isotropic, steady-state, one-dimensional flow conditions 

Conclusions from the water-balance calculations include the followmg (1) leachate- 
groundwater is pnmmly recharged by precipitation through the intenm soil cover, (2) 
groundwater flow under the fiuled intercept system contnbutes less than 10 percent of 
the total inflow, and (3) leachate-groundwater outflow pnmmly occurs as downward 
seepage mto weathered bedrock beneath the landfill 

Conclusions based on the water-elevation data include the followmg (1) cyclic trends 
in groundwater elevations coincide with precipitation events, (2) sdicial  groundwater 
appears to be continuously recharging the East Landfill Pond, (3) downward seepage 
appears to be recharging the weathered bedrock beneath the East Landfill Pond, and (4) 
seepage through the East Landfill Pond embankment appears to be mimmal, as 
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indicated by the calculated Darcy flux of 2 03 x 10-8 cdsec  and saturated hckness of 
less then 2 5 feet below the embankment 

Ecology 

The buffer zone surrounding the industnal area of the Rocky Flats site generally 
supports a wde vanety of native plant commuties and wldlife However, the areas 
m and around OU 7 have been subject to extensive physical disturbance associated 
wth  the landfill operations and construction of the East Landfill Pond and groundwater 
intercept system \ 

2 7 I Vegetation 

The Rocky Flats site is located between Boulder and Golden, Colorado, m a transitional 
zone known as the Colorado Piedmont The Colorado Piedmont is an area of dissected 
topography contamng flonstrc features from the Great P l w  p m e  and the Rocky 
Mountam footlulls The present-day vegetation of Rocky Flats is domated by mesic 
rmxed grassland wth mtegrated tall- and short-grass prame commuty features Grasses 
prevalent on upland sites are western wheatgrass, blue grama, sideoats grama, Canada 
bluegrass, Kentucky bluegrass, and prame junegrass Mesic sites support tall-grass and 
mxed-grass prame species such as big bluestem, little bluestem, green needlegrass, and 
swtchgrass More xenc sites are dommated by short-grass species, including 
buffalograss, needle-and-thread, red three-awn, nng m a y ,  and mountam muhly 
Domant  forbs were hauy gold-aster, Louisiana sage, western ragweed, broom 
snakeweed, and s l d o w e r  scurfpea hpanan and wetland vegetatron occupy the seeps 
and valley floors wth rushes, bulrushes, sedges, cattzuls, wllows, and cottonwoods 
Weedy species such as cheatgrass, Japanese brome, & h e  knapweed, and klamath weed 
predormnate on disturbed sites Reclamed sites are dormnated by smooth brome, crested 
wheatgrass, and mtermdate wheatgrass Specific plant commwbes present in the OU 7 
study area are descnbed m the followng subsections (Figure 2-42) 

2 7 1 1 Mesic Mixed Grassland 

Mesic mixed grassland is the most prevalent native habitat type at OU 7 Thls diverse 
plant commwty occurs m a wde vanety of topographles, mcludmg broad flat uplands. 
valley floors, and hllsides Differences in slope, aspect, soil type, disturbance, and land 

use hstory are reflected 111 dfferences in dominance of the vmous grasses and forbs 
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charactmmg the mesic grassland Species nchness was sampled along 2 meter by 50 
meter belt transects wthm the mesic rmxed grassland Of the one hundred and six 
species idenbfied, 34 were grammoids, 63 forbs, 5 shrubs, and 4 cacb Of the identified 
species whn the OU 7 study area, 67 9 percent were native peremal species, 
suggestlng a possible trend toward a native grassland cllmax commmty Dominant 
grarmnoids are western wheatgrass, Canada bluegrass, prame junegrass and big bluestem 
Kentucky bluegrass, western wheatgrass, little bluestem, crested wheatgrass, sand 
dropseed, blue grama, and needle-and-thread were also present The most dormnant forbs 
were diffuse knapweed, Loulsiana sage, and Canada thlstle Secondary forbs present 
lncluded aster, slmflower scurfpea, and klamath weed Wild rose was the most 
commonly encountered shrub, and pncMy pear the most common cactus encountered 
along transects wthm h s  habitat type 

2 7 1 2 Disturbed Commwty 

A large portion of the lndustnal complex at the Rocky Flats site has been severely 
lsturbed and currently supports pnmanly weedy species The majonty of disturbance at 
OU 7 is attnbutable to sdicial soil disturbance by heavy equpment used in landfill 
activibes 

A belt transect sampled w h  the disturbed commmty contamed 27 species 7 grasses, 
18 forbs, and 2 subshrubs The domant  g r m o i d s  were big bluestem and blue grama, 

followed by narrow-leaf sedge, Canada bluegrass, and mountam muhly The dominant 
forb was diffie knapweed whch is a hlghly compebtwe, lntroduced plant that infests 
roadsides, waste areas, and dry rangelands Other forbs present lncluded Lousiana sage, 
hauy gold-aster, blazmg star, western ragweed, Mamath weed, and fnnged sage The 
only shrub present was wld tarragon Native peremal species conshtuted 70 3 percent 
of the commwty, 684 percent of these plants were forbs or subshrubs Non-native 
plants accounted for the balance of the total species nchness 

2713 BareGround 

A large secbon of OU 7 was bare ground due to contmuous earthmovmg at the landfill 
Plants have little opportumty to gemmate, grow, or estabhsh ln bare areas Most of the 
onglnal topsoil has either been lost through wnd and water erosion or buned in the 
landfill 
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2 7 1 4  Marshland 

Tall and short marsh occur in the area around the East Landfill Pond Tall marsh 
occurs at the pond margins and is compnsed of a near monoculture of broad-leaved 
cattail, whch probably impacts establishment and growth of other hydrophytic plants 
The static water level in the pond probably promotes the persistence of the cattads 
The short marsh type occurs in the sprayed areas north and south of the pond where 
internuttent spray operations cause more vanable hydrologic conditions The short 
marsh area is dommated by Baltic rush, wluch prefers mesic to hydnc condihons but 
wdl tolerate h e r  conditions Disturbed areas around the pond conhn weedy species 
such as Canada hs t l e  and western ragweed 

2 7 2  Wildlfe 

The Rocky Flats site supports a wde vanety of cnldhfe, large and small mammals, buds, 
rephles, amplubians, aquahc macromvertebrates, and fish Thls relahvely nch ammal 

commun~ty is, m part, due to the isolation of the site fkom the mcreasmg human achvity 
m the surroundmg areas 

The most abundant large mammal is the mule deer, populahon estmates exceed 100 
annals Whlte-tatled deer have also been mfkequently observed Large canzlvores 
present at Rocky Flats are coyotes, red foxes, gray foxes, str~ped skunks, long-tatled 
weasels, badgers, bobcats, and raccoons Eastern cottontatls and whte-tatled jack rabbits 
are also present Black-tatled prrune dogs occur m flat, upland areas m the northeastern 
comer of the buffer zone Some ponds support muskrats 

The Rocky Flats enwonmental mpact statement @IS) (DOE 1980) reported that eight 
species of small mammals were captured dunng a live-trappmg program m 1975 harvest 
mce, deer mce, meadow voles, hrteen-lmed ground squirrels, hspid pocket mce, silky 
pocket mce, pocket gopher, and house mouse More recent studles have documented the 
occurrence of Mexlcan woodrats, p l w  and western harvest mce, p m e  voles, and both 
western and meadowjumpmg mce 

The vaned habitats at the Rocky Flats site support many bud species Common 
grassland buds mclude western meadowlarks, homed larks, vesper sparrows, grasshoppel 
sparrows, western kmgbuds, and eastern kmgbuds Rpanan areas dormnated by 
cottonwoods support black-billed magpies, northern onoles, yellow warblers, warblmg 
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weos, Amencan robms, rnhgo buntmgs, blue grosbeaks, and lesser and Amencan 
goldfinches MacGillivray's warblers, yellow-breasted chats, black-headed grosbeaks, 
green-tzuled and rufous-sided towhees, and lazuli buntmgs occur m other wooded areas 
Marshlands support song sparrows, common yellowthroats, red-wmged blackbuds, 
common smpe, and sora rads Common buds of prey occurring at the Rocky Flats site 
mclude Amencan kestrels, northern hamers, red-tided hawks, Swamon's hawks, great 
homed owls, and long-eared owls Occasionally, golden eagles, p m e  falcons, rough- 
legged hawks, and short-eared owls are observed Bald eagles are noted wsitors dunng 
the wmter Open water areas, mcludmg ponds and m-ttent c reek  attract water buds 
such as mallards, gadwall, green-wmged teal, blue-wmged teal, pied-billed grebes, 
spotted sandpipers, lulldeer, great blue herons, black-crowned mght-herons, and double- 
crested cormorants Migratmg sandhdl cranes have also been observed at the site 

The Rocky Flats site supports several species of repbles and amphbians Snake species 
d u d e  the bullsnake, yellow-bellied racer, western terrestnal gartersnake, and pmne 
rattlesnake Western pamted turtles are also present Amphbian species mclude p l w  
leopard frogs, Woodhouse's toads, northern chorus frogs, and hger salamanders 

Surface waters at Rocky Flats support a vanety of aquahc macromvertebrates, mcludmg 
snalls and several orders of insects and crustaceans Ohgochaeta, Amphpoda, Decapoda, 
Hydracanna, Plecoptera, Ephemeroptera, Odonata, Tnchoptera, Coleoptera, Diptera, 
Gastropoda, and Pelecypoda. Some ponds and creeks are lnhabited by fathead m o w s ,  
common carp, whte suckers, creek chubs, golden shmers, and green sunfish 
Largemouth bass have been found rn Ponds C- 1, A-2, and Lmdsay Pond However, the 
East Landfill Pond supports no fish and only a depauperate benhc macroinvertebrate 
community 

Surveys for terrestrral arthropods, large mammals, buds, reptdes, and amphbians 
specifically on OU 7 were not performed due to its small area. No fish were collected 
d w g  surveys conducted rn the landfill pond 

2 7 3 Sensitive Habitats and Endangered Species 

Several wetlands idenhfied at the Rocky Flats site come under the protechon of state and 
federal wetland laws Wetlands at the Rocky Flats site were idenbfied m conjuncbon 
wth the Nabonal Wetlands Inventory (see FWS 1979) and field checked to veri@ thew 
j ~ n d ~ b ~ n a l  status by U S Army Corps of Engrneers personnel These wetlands consist 
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of emergent, intermittently flooded stream channels and artificial, semipermanent ponds 
(wetland types PEMW and POWKF, respectively) (FWS 1979) At thls tune, the East 
Landfill Pond is classified as a RCRA management u t ,  although several wetland 
species grow in and around the pond 

Three federally listed endangered wildlife species potentially occur at Rocky Flats These 
are the black-footed ferret, peregnne falcon, and bald eagle (AS1 1991) Black-footed 
ferrets requre habitat m and around pmne dog colomes Although several pmne dog 
colomes exlst at the Rocky Flats site, there are none m the immediate vicmty of OU 7 
Black-footed ferrets are not known to occur in the viciruty Though bdd eagles are seen 
dunng wmter months, no roost areas or nest sites have been located on the Rocky Flats 
site Peregnne falcons may be penodic migrants in thu area. In 199 1, a peregnne falcon 
par nested apprownately 10 lulometers northwest of the Rocky Flats site It is possible 
that the huntmg temtory of such nesting peregnnes could include Rocky Flats, although 
suitable habitat occurs closer to the known nest area Small size and lack of an 
appropnate prey base precludes OU 7 as an important habitat for these federally listed 
species 

Potenhal habitat for several Colorado "Category 2" wldlife species occurs at Rocky 
Flats site Fermgmous hawks have been observed throughout the year and appear to be 
vagrants Thls species may nest near the Rocky Flats site and use the site for hunting 
Preble's meadow jumping rmce were captured in small numbers along Woman Creek in 
199 1, and one mdiwdual was captured in reclaimed grassland wthm the OU 1 study area 
As a result, an mtense survey was conducted in 1992 The 1992 program resulted in live 
captures of 10 Preble's meadow jumping mice, including 2 along Woman Creek below 
Pond C-1 ANmals were captured in hydrophytic shrublands dormnated by sandbar 
wllow and leadplant, wth relatively lush understory grasses and forbs Other Category 2 
wldlife species potentially occurnng, but not documented, at the Rocky Flats site include 
the whte-faced ibis, mountam plover, long-billed curlew, and swft fox (AS1 1991) 
Agam, the small size of OU 7,  and inappropnate habitat, limits the value of OU 7 for 
these sensitive species 

AS1 (1991) reported four plant species of special concern potentially present at the Rocky 
Flats site These plants include one federally-listed threatened species, Ute lady's tresses, 
one Category 2 species, Colorado butterfly plant, and two species of concern in Colorado, 
forktip three-awn and toothcup Ute lady's tresses has been reported near Clear Creek to 

~~ 
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the south of the Rocky Flats site and near South Boulder Creek to the north of the Rocky 
Flats site (AS1 1991), and suitable habitat does occur at the Rocky Flats site Colorado 
butterfly plant has not been reported near the Rocky Flats site, but wetlands along the 
major creeks represent suitable habitat for h s  species Neither species was found dunng 
surveys conducted 1992 (EG&G 19920 Forktip three-awn was reported along Woman 
Creek in 1973 and was documented in the same area d u n g  intensive vegetation 
investigations o f  OU 5 in 1991 Toothcup has been reported in a temporary pool about 4 
rmles east of Boulder 
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Mlnirnum-Maxlmum 
Slope (N) 

9-25 
0-3 

0-3 
15-50 

Flatirons 

Nederiand 

Infllb'rtlon Solf 
Rate Type' 
slow 31 
slow 45 

slow 60 
moderate 100 

GraveVDisturbed vanes 

Table 2-1 
Descnption of Soil Types 

moderate to 1 1 1  
rapid 

Family Phase 
Torrertic Argiustolls clay loam 
Andic Paleustolls very cobbly 

sandy loam 
Ustic Tornfluvents loam 
Andic Argiustolls very cobbly 

sandv loam 

I 

' After Price and Amen 1980 (See Figure 2-5 for the dambution of soil types at OU 7) 
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CPT02993 
CPT03093 
CPT03193 

Table 2-2 
Depth to Bedrock at CPT Locahons 

24 0 5961 0 10 0 34 0 5951 0 
NDE NDE NDE NDE NDE 
NDE NDE NDE NDE NDE 

EfevatmnTop 1 Thicknessof I Depthto I E€ev&onfop 1 I 24; I ofKaKlfw) KaKl(w) KaKl(u) of KaKIfu) 

CPT03293 
CPT03393 
CPT03493 
CPTO3593 
CPT03693 

25 0 5959 0 10 0 35 0 5949 0 
NDE NDE NDE NDE NDE 
23 0 5966 3 12 0 35 0 5954 3 
NDE NDE NDE NDE NDE 
28 0 5961 1 9 0  37 0 5952 1 4 

CPTO3793 I 25 0 I 5962 1 I 9 0  I 340 I 5953 1 
CPT03893 NDE NDE NDE NDE NDE 
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Definitions 

bgs below ground surface 
CFT cone penetration test 

KaKl(u) 
KaKl(w) 
NDE not deep enough 
NP not performed 

unweathered undifferentiated Arapahoe and Laramie Formation 
weathered undifferentiated Arapahoe and Laramie Formation 
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. .  . .  
(feet) ] feetbgs) I (feet) I (feetbgs) I (feet) 

Section 2 

~- 
(feet) 

Table 2-3 
Depth to Bedrock at Borehole and Well Locations 

5814 68 
5924 94 

Elevation 1 1 El;;:: of 1 1 El;;vz d I ~ -1 of Ground Depth to Top Depth to Top Thicknesr, of 
Surface of KaKRw) KaKt(w) of KaKl(u) KaKtlu) KaKllWl 

_ _  ~ - 

10 50 5804 18 NDE NDE ND 
5 00 5919 94 NDE NDE ND 

Borehole 
or Welt 

5996 62 
5883 00 

~- ~ 

23 00 5973 62 NDE NDE ND 
5 80 5877 20 NDE NDE ND 

5882 95 
5854 34 
5995 46 
5992 90 
5984 44 

3 50 5879 45 25 45 5857 50 21 95 
6 10 5848 24 NDE NDE ND 

22 00 5973 46 NDE NDE ND 
20 50 5972 40 NDE NDE ND 
27 00 5957 44 NDE NDE ND 

5985 63 
5986 09 

~ ~ 

25 00 5960 63 NDE NDE ND 
22 00 5964 09 NDE NDE ND 

5983 48 
5982 26 
5970 00 
5968 91 
5966 71 

21 00 5962 48 NDE NDE ND 
15 30 5966 96 NDE NDE ND 
16 40 5953 60 NDE NDE ND 
15 50 5953 41 NDE NDE ND 
12 00 5954 71 NDE NDE ND 

5993 30 
5984 50 

~ 

22 50 5970 80 NDE NDE ND 
20 90 5963 60 NDE NDE ND 

5969 14 
5967 80 

I 

7 30 5961 84 NDE NDE ND 
7 50 5960 30 36 80 5931 00 29 30 

5927 90 
5917 09 
5882 42 
5883 07 

~ 

4 80 5923 10 36 80 5931 00 29 30 
3 00 5914 09 36 80 5931 00 29 30 
6 00 5876 42 36 80 5931 00 29 30 
6 00 5877 07 31 50 5851 57 25 50 

176992 

5884 80 
5948 27 

ND 
ND 
ND 

5 50 5879 30 30 42 5854 38 24 92 
0 20 5948 07 30 42 5854 38 24 92 
ND ND 30 42 5854 38 24 92 
ND ND 30 42 5854 38 24 92 
ND ND 30 42 5854 38 24 92 

Location 
0586 
0686 
0786 
0886 592560 I 1 00 I 592460 I 15 60 I 591000 I 14 60 

599639 I 30 30 I 596609 I NDE I NDE I ND I 0986 
1086 
4087 
41 87 
4287 
5887 
5987 
6087 

598442 I 28 00 I 595642 I NDE I NDE I ND 
598454 I 26 30 I 595824 I NDE NDE ND I 6187 

6287 
6387 
6487 
6587 
6687 
6787 
6887 
7087 

596389 I 14 00 I 594989 I NDE I NDE I ND 
596960 I 8 00 I 596160 I NDE NDE ND 

7187 
7287 
8106089 
82061 89 

597759 I 15 00 I 596259 I 31 50 I 596409 I 16 50 
596970 I 13 30 I 595640 I 31 50 I 596409 I 16 50 

8206289 
8206389 
8206489 
8206589 

595931 I 370 I 595561 I 3680 I 5931 00 I 2930 I 8206689 
8206789 
B206889 
8206989 
8207089 
82071 89 
8207289 
76792 

77392 
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Elevstion Elevation of Elevation of ' Borehole ofOround OepUttoTop Topof Depthtofop Topaf Thicknessof 
or Well Surfpco of KaKt(w) K a K l o  of KaKl(u) KaKf(u) KaKIM 

1 

Location (fst) (feet bgsj (feet) (feet bgs) (faet) (feed) 
70093 5990 90 22 30 5968 60 30 42 5854 38 24 92 

Section 2 

170193 I 599030 I 1950 I 597080 I 3042 I 585438 I 2492 I 
70293 5990 70 ' 21 50 5969 20 45 07 5945 63 23 57 
70393 5997 90 22 80 5975 10 NDE NDE ND 
70493 5998 00 21 30 5976 70 NDE NDE ND 
'70593 5998 00 22 00 5976 00 54 25 5943 75 32 25 

,71093 5908 40 840 5900 00 32 70 5875 70 24 30 
71193 5989 30 20 20 5969 10 NDE NDE ND 
71 393 5989 90 21 80 5968 10 38 00 5951 90 16 20 
71493 5990 40 24 00 5966 40 NDE NDE ND 

I I I I 1 

~ ~~~~~~ ~ 

71 693 5988 30 26 50 5961 80 NDE NDE ND 
71 793 5987 27 25 60 5961 67 31 80 5955 47 6 20 
71 893 5987 70 26 00 5961 70 NDE NDE ND 

~ ~~ 

72093 5986 00 35 40 5950 60 NDE NDE ND 
72193 5973 16 39 60 5933 56 58 20 5914 96 18 60 
72293 5973 70 32 70 5941 00 NDE NDE ND 
THO47292 5926 68 45 50 5881 18 NDE NDE ND 

__ 
70993 I 588440 1 720 I 587720 I 2627 I 585813 I 1907 I 

70693 

70893 
70993 

71593 I 598830 I 2700 I 5961 30 I 3700 I 5951 30 I 1000 I 

5991 20 28 50 5962 70 NDE NDE ND 
5991 20 26 30 5964 90 31 20 5960 00 490 
5884 40 7 20 5877 20 28 00 5856 40 20 80 

71 093 
65792 

71993 I 598620 I 3640 1 594980 I 4250 I 594370 1 6 10 I 

5908 40 8 10 5900 30 33 40 5875 00 25 30 
5937 80 0 00 5937 80 NDE NDE ND 

THO47492 I 5891 75 I 1250 I 587925 I NDE I NDE I ND I 

Definitions 

bgs below ground surface 
KaKl(u) unweathered undifferentiated Arapahoe and Laramie Formation 
KaKl(w) weathered undifferentiated Arapahoe and Laramie Formation 
ND no data 
NDE not deep enough 
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Formatfan 

Qc 
Completed 

Section 2 

Welt casing Depthto Depthto Bottomof 
andScfeen DepthtaTop Bottomof Bottomof W U  
Oirmter of Screen S C m  Welt E?ov&on 

2 00 4 40 9 76 12 34 5714 03 
(Inches) (feet bgs) (feet bgs) (-tat) (feet) 

Table 2-4 
Well Construction Details 

Qc 

KaKlss(u) 

Location 
0586 

0686 

0786 

0886 

0986 

1086 

2 00 300 ~ 574 7 70 5918 84 

2 00 59 08 63 79 65 50 5861 40 

592494 I 592654 

~ ~~~~~~ 

14087 588300 588461 Qvf 2 00 3 50 646 8 70 5875 91 

41 87 5882 95 5884 49 KaKlss(u) 2 00 81 21 93 79 96 19 5788 30 

4287 585434 585587 Qvf 2 00 3 00 6 36 7 68 5848 19 

5887 599546 599677 Qrf 2 00 3 50 22 26 24 44 5972 33 
5987 

6087 

6187 

6287 

6387 

Qc I 200 I 328 I 888 I 1147 I 580525 

~~~ ~ 

599290 599467 af 350 2a 75 abandonad 

598444 598596 Qrf 2 00 3 50 27 47 30 30 5955 66 

598442 598577 af 2 00 3 50 28 24 30 35 5955 42 

598454 598637 af 2 00 3 50 26 56 29 50 5956 87 

SW563 59870.f af 350 25 44l abandoned 
6487 

6587 

6687 

6787 

5854 01 KaKlss(u) I 2 00 I 12257 I 13535 I 14422 I 
Qrf I 2 00 I 3 29 1 2378 I 2582 I 5972 37 

~~ 

598609 598734 af 2 00 13 00 23 33 26 11 5961 23 
598348 598499 af 2 00 10 70 23 96 25 67 5959 32 

5982 26 5983 67 Qrf 2 00 3 40 17 96 22 59 5961 08 
597000 5971 76 af 11 72 16 46 8bandQnsd 5952 83 

7087 I 596671 I 596838 I Qrf 2 00 3 50 16 26 I 1896 I 5949 42 

8105089 

8206189 

8206289 

I6887 I 596891 I 597032 I af I 200 I 11 15 I 1575 I 1702 I 595330 i 

5993 30 5995 35 af 4 00 3 70 22 40 26 46 5968 89 

598450 598657 KaKyW) I 4 00 25 90 35 36 abandanecf 594773 

597759 597949 KaKl(w) I 4 00 32 37 41 82 44 91 5934 58 

KaKl(w) 

KaKl(w) 

KaKl(w) 

KaKl(w) 

71 87 I 596389 I 596549 I Qrf I 2 00 I 3 50 I 13 51 I 1625 I 5949 24 

7287 I 596960 I 5971 25 I Qrf 2 00 3 50 6 76 I 652 I 5964 73 

4 00 3 25 10 00 13 31 5958 15 

4 00 23 50 35 10 37 82 5931 90 

4 00 8 70 18 17 21 56 5939 64 

4 00 9 80 19 28 22 50 5907 69 

8206989 

6207089 

8207189 

6207289 

18208389 I 596970 I 5971 56 t af I 400 I 400 I 950 I abandoned I 595485 I 

~~~ 

5882 42 5884 32 KaKl(w) 4 00 11 80 21 30 24 29 5860 03 

5883 07 5884 95 KaKlss(w) 4 00 31 32 52 98 56 52 5828 43 

588480 588672 ' KaKlss(uf 70 98 75 43 abandoned 5811 03 

5948 27 5950 49 KaKl(w) 4 00 5 20 14 65 17 84 5932 65 

18206489 I 5969 14 I 5971 46 

77392 1 RFEDS I 596546 I Qrf 

I I 

8206589 I 596780 I 596972 

4 00 1 ND ND I 1 2 0 5  I 5953 41 

8206689 I 595931 I 5961 20 

8206789 I 592790 I 593019 

18206889 I 591709 I 5919 15 I KaKl(w) I 400 I 800 I 1745 I 2020 I 589895 I 

176792 I RFEDS I 594537 I Qrf I 400 I ND I ND I 1030 I 593507 I 
176992 I RFEDS I 595799 I Qrf I 400 I ND I ND I 1441 I 594358 I 
I I I I I 1 
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Location 

Section 2 

Ground Topof Welt Casing : Depthto Depthto Bottomof 
surface caring andscreen DepthtaTop Bottomof Bottomof Well 

Elevation EleMtlon Formation Dlameter of Screen screen Wolf Etevatfon 
(feet) (feet) Completed (inches) (feet-) (feet bgs) (feet toc) (feet) 

70093 I 599090 599291 
L I I 

Qrf 2 00 I 7 00 22 00 27 00 5965 91 

701 93 

70293 

70393 
I I 

~~~ 

5990 30 5992 36 KaKl(w) 2 00 22 30 37 30 41 41 5950 95 

5990 70 5992 71 KaKlss(u) 2 00 52 10 67 10 70 80 5921 91 

5997 90 6000 01 Qrf 2 00 7 80 22 80 27 01 5973 00 
70493 

70593 

70693 

5998 00 5999 98 KaKl(w) 2 00 24 00 44 00 48 04 5951 94 

5998 00 5999 84 KaKlss(u) 2 00 121 00 136 00 14007 585977 

5991 20 5992 71 Qrf 2 00 8 40 28 40 31 61 5961 10 

70893 

71 193 

71493 

71693 

71 893 

Definitions 

af- 

bgs 

KaKl(w) 

KaKl(u) 

KaKlss(u) 

KaKlss(w) 

ND 

QC 

Qrf 
Qvf 
WEDS 

toc 

5991 20 5993 06 KaKlss(u) 2 00 51 00 6600 , 7002 5923 04 

5989 30 5991 11 af 200 18 00 20 00 24 01 5967 10 

599040 599243 af 2 00 18 80 22 80 27 03 5965 40 

5988 30 5990 22 af 2 00 16 30 26 30 30 20 5960 02 

5987 70 5989 67 af 2 00 10 70 25 70 30 33 5959 34 

artificial fill 
below ground surface 
unweathered undifferentiated Arapahoe and Laramie Formation 

weathered undifferentiated Arapahoe and Laramie Formation 

unweathered undifferentiated Arapahoe and Laramie Formation sandstone 
weathered undifferentiated Arapahoe and Laramie Formation sandstone 

no data 

colluvium 

Rocky Flats Alluvium 

valley-fill alluvium 

Rocky Flats Environmental Database System 

top of casing 

72093 

72293 

72393 

72493 

175220k.ec2tbls doc 

5986 00 5988 32 af 2 00 30 40 35 40 39 31 5949 01 
597370 597594 af 2 00 27 60 32 60 37 32 5938 62 

5985 20 5987 52 af 2 00 12 00 22 00 25 86 5961 66 

5973 70 5975 88 af 2 00 17 90 27 90 32 01 5943 87 
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Table 2-8 
Wells with Measured Water Levels Below 

Screened Sechon and/or Below Top of Bedrock 

' Wells completed in surficial materials - 4087,7087,77392 B206389 Wells completed in weathered bedrock - B206689 B206989 and 
B207289 

Definitions 

NA not applicable 
WABS water level above bottom of screen 
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Month 

Table 2-10 
Summary of Vertical Hydraulic Gradients' 

Well Palm Used ta Calculate Vertical Hydraulic Gradknta 
70093l70193 7039W0493 I 72393l72093 1 408718201089 . 6481IB206489 

December ND 
January -0 057 
February 0 017 
March 0 024 

I The vert~cal hydraulic gradient was calculated as the quotient of the difference between elevations in water levels divided by the vertical 
distance between the screened intervals Specifically, the divisor was the difference between the elevation at the center of the screened 
interval for the well completed in the surficial matenals and the elevauon of the screened interval completed ip the weathered bedrock 
Hydraulic head potentials and vert~cal distances between the scmned intervals were bascd on the data presented in tables 2-4 and 2-7, 
respectively VertIcal hydraulic gradients arc dimensionless parametern 

ND ND 0 415 0 561 
ND ND 0 388 0 258 

0 098 0 005 0 469 0 118 
1103 0 003 0 599 0 070 

Definition 

ND no data 
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. .  

af 

Table 2-11 
Summary of Groundwater Flow Parameters and Rates 

Drainage Area 
East Landfill Pond 1 27 x 10’” 0 160 0 1 - 0 2  ~ 021 - 0  10 

KaKl(w) 
Embankment 

Embankment 
East Landfill Pond 437x10’ 0 254 0 1 - 0 2  115-057 

’ Hydraulic gradient values based on data presented in Table 2-6 

= = Hydraulic Gradient, which is a dimensionless parameter 

* The average linear groundwater flow velocity is calculated as follows 

where 

u 

q 
n effectwe porosity 
K hydraulic conductivity 

average linear groundwater flow velocity 
Darcy flux (discharge per unit area) 

Hydraulic conductivity (K) value based on one observmon (EGBtG 1993b) 

Definitions 

af artificial fill 
cdsec  centimeters per second 
WYr feet per year 
KaKl(w) 
Qc colluvium 

weathered undifferentiated Arapahoe and Laramie Formation 
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Table 2-12 
Computed Confidence Interval Widths for Total Dissolved Solids 

Mean not computed, single observation reported 
CI not computed, range of values reported 

Definitions 

a 

CI 
cv 
mpn 
n 
NA 
ND 

level of significance 
confidence interval width 
coefficient of vanation 
milligrams per liter 
number of observatlons 
not applicable 
no data 

s standard deviation 
t tabulates 1" value (Sanders et al 1983) 
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07/07/89 
08/02/89 
09/06/89 

Table 2-13 
Landfill Leachate Flow Rates (SW097) 

3 6  0 008 
4 0  0009 
2 2  0 005 

0611 6/88 I 2 2  I 0005 
04/06/89 26 9' I 006l 

1 0/09/89 
1 1 /07/89 
12/05/89 
08/29/90 

I 0 0  I 0 0  
06/20/89 0 0  I 0 0  
0511 9/89 

24 7l 0 05' \ 

1 8  0004 
1 8  0004 
6 7  0 015' 

' Believed to be an erroneous flow measurement 
Measured using a Palmer-Bowlus flume 

Definibons 

cfs cubic feet per second 
gpm gallons per minute 

source 

EG&G 1991f 

. 

~~ 
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Formation 

Rocky Flats 
Alluvium/ 
Colluvium 

Arapahoe ------ Formation 

Laramie 
Formation 

Fox Hills 
Sandstone 

~~~ 

Pierre Shale 
and 

older units 

Thickness Clayey Sandy Gravels - reddish brown to yellowish 
brown matrix, grayish-orange to dark gray, poorly 
sorted, angular to subrounded, cobbles, coarse 
gravels, coarse sands and gravelly clays varying 
amounts of caliche 

(feet) Y / 

600-800 

upper interval 
3OQ500 

lower Interval 

/ 

\ 
Claystones, Silty Claystones, and Sandatom - 
light to medium olivegray wrth some dark olive- 
black claystone, silty claystone, and finegrained 
sandstone, weathers yellowish orange to yellowish 
brown, a mappable, light to olive gray, medium- to 
coarse-grained, frosted sandstone to conglomeratic 
sandstone occurs locally at the base (Arapahoe 
marker bed) 

c 

Claystones, SJlty Clayrtones, Clayey 
Sandstones, and Sandstones - kaolindic, light 
to medium gray claystone and silty claystone and 
some dark gray to black carbonaceous claystone, 
thin (2') coal beds and thin discontinuous, very 
fine to medium-grained, moderately sorted 
sandstone intervals 

Sandstone8, Claystones, and Coals - light to 
medium gray, fine to coarse-grruned, moderately 
to well sorted, silty, immature quartzose 
sandstone wth numerous claystones, and 
subbduminous coal beds and seams that range 
from 2' to 8' thick 

Sandstone# - grayish orange to light gray, 
calcareous, fine-grained, subrounded 
glauconitic, friable sandstone 

U S DEPARTMENT OF ENERGY 
Rocky flats Site, Gdden, Colorado 

Reference Phase II Gedoglc Charactenzatmn 
Surface Gedoglc Mapping Report, March 1992 

Generalized Stratigraphic Section 
for the Rocky Flats Site 

Rewsed Work Plan Operable Una No 7 

Date Apnl 1994 I Figure 2-6 
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Figure 2-1 1 through figure 2-15 have been 
divided into two parts but only the first page 
lists the figure number. 
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3 

3 1  

3 1 1  

DATA QUALITY AND USABILITY 

The data quality objectwes and thelr measurement cntena for the OU 7 Phase I RFVRI 
were specified m the OU 7 Phase I work plan (DOE 1991b) to ensure that sample- 
collection and analytical methods used provided data of appropnate quality to 
charactenze the site and descnbe the nature and extent of contammhon 

The pnmary quality-assurance objective for analytical data is to ensure that the data 
generated are of documented quality and are defensible for the mtended data uses In 
order to meet thls objectwe, appropnate steps were taken to ensure &t the OU 7 data are 
(1) of known quanbtatwe sipficance in terms of precision and accuracy at levels 
appropnate for the mtended data use, (2) representatwe of actual physical and chemcal 
condlhons, (3) comparable to previous data, and (4) complete to the extent that 
conclusions can be made and supported Quality of OU 7 data is discussed m Secbon 
3 1  

Data usability descnbes what data can be used, how and why it is used, and when and 
where it can be used Different types of data and data from vanous sources may vary m 
quality and, thus, m thelr usability Absolute cntena regardmg whether data can be used 
or not do not exlst for all cvcumstances Data usability for the OU 7 Phase I RFVRI is 
d e t e m e d  by the data-quality needs and documentahon of the field samplmg, 
laboratory, and QNQC protocols Usability of OU 7 data is discussed m Secuon 3 2 

Data Quallty 

The OU 7 Phase I RFI/RI field activities were conducted m accordance wth the OU 7 
Phase I work plan (DOE 1991b), the OU 7 quality assurance addendum (QAA) whch is 
included rn the work plan, the sitewde quality assurance project plan (QAPjP) (EG&G 
1990c), and standard operatmg procedures (SOPS) (EG&G 1992c) 

Field Quality-Control Sampling 

Field QC samples provide mformation to assess samplrng and analysis precision and to 
idenhfy potenhal biases m analytical data resultmg fiom cross conbumnabon dunng 
samplmg or contamnabon durvlg sample transport and storage At OU 7, QC samples 
were collected concurrently wth real samples Table 3 - 1 presents the reqwed fkquency 

~~ 
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of QC sample collection and Table 3-2 summmzes the actual QC samples collected 
dunng each OU 7 Phase I RFYRI sampling activity 

The field QC samples collected dunng the OU 7 Phase I RFI/RI include field duplicates, 
equipment m a t e  blanks (equpment nnses), tnp blanks, and field preservation blanks 
(field blanks) Among the vanous types of QC samples, field duplicates provide 
addibonal sample volume for a duplicate laboratory analysis These results, when 
compared to analpcal results for the real samples, assess the precision of both the field 
samplmg methods and analyt~cal procedures 

Duplicate samples are collected at the same time as the real samples, usmg the same 
procedures and the same types of contamers They are also preserved m the same manner 
and submtted for the identical sute of analyses as requmd for the real samples 

\ 

Equpment nnses are collected upon completmg decontarmnabon procedures to evaluate 
whether or not decontammabon acbvlties are adequate to prevent cross contammation 
Eqwpment m e s  are obtamed by p o m g  distilled water on decontarmnated sample- 
collecbon eqwpment The nnsate is collected and submtted for the same analyses as the 
real samples For soil-gas samples, equipment blanks may also be collected by drawng 

ambient au through samplmg equpment to evaluate decontammabon procedures 

Tnp blanks and field blanks are collected for water samples to provide dormation on the 
potenbal for contammation dunng sample collection and transport Tnp blanks and field 
blanks are not collected for solid media samples, therefore, contammahon by ambient 
condibons dunng sample storage and shppmg cannot be evaluated for the surface soil, 
subsurface geologic matenal, or sedlment samples 

Tnp blanks consistmg of distilled water are prepared either by the laboratory or the 
samplmg team and accompany each shpment of water samples for volable organic 
compound (VOC) analysis Analysis of these blanks mdcates possible contammation by 
VOCs or any problems associated wth sample shpment, handlmg, or storage 

Field blanks of distdled water, preserved accordmg to the applicable preservation 
requrements, are prepared by the samplmg team and are used to promde an mdication of 

any contammaQon mtroduced d u g  field samplmg preparabon Field blanks are only 

applicable to samples r e q m g  chermcal preservation 

3 -2 Draft 411 59-8 
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3 1 2  

3 1 2 1  

3 1 2 2  

Laboratory QualiJiers and Validation Codes 

Two types of data qualifiers are used to descnbe data laboratory qualifiers and 
validahon codes Validahon codes are more important than laboratory quaIifiers because 
they are determmed as an independent quality check and are applied to the data after the 
laboratory qualifiers are applied 

Laboratory Qualifiers 

Enwonmental samples were analyzed using EPA and other well-established analytical 
methods idenhfied m General Wochemstry and Routme Analyhci Services Protocol 
(GRRASP) (EG&G 1991 g) All laboratory analyses for target analyte list (TAL) metals 
and target compound list (TCL) orgatllc compounds were performed usmg EPA Contract 
Laboratory Program (CLP) procedures Methods for non-CLP analytes, mcludmg major 
ions and radionuclides, were based on EPA methods specified m the GRRASP 

Laboratory qualifiers are defined m Table 3-3 The table also specifies whether or not 
data wth a particular qualifier should be included rn the data analysis, whether or not the 
data are detected, and what value should be used for stahshcal analysis 

Validation Codes 

EPA CLP methods and protocols were used in the validahon process for these data 
Because EPA gwdelmes for validatmg non-CLP analytes are not currently avzulable, non- 
CLP data were validated by an mdependent subcontractor m accordance wth gwdelines 
developed by the Rocky Flats Environmental Management Department (EMD) These 
non-CLP gudelmes are based on TPA validahon protocol and are modified for non-CLP 
analytical methods Data were validaLed at EPA Level IV or the equvalent for non-CLP 
analyses 

Laboratory QNQC results, mcludrng laboratory control-sample analyses, are not 
avzulable fiom the Rocky Flats Envlronmental Database System (RFEDS) However, 
thls dormahon is reported to the data validahon subcontractor and is renewed to 
evaluate the precision and accuracy of laboratory analyses After rewewmg laboratory 
QC results, the data validation subcontractor may qualifl data as necessary 

175220kection3 doc 3-3 DraR 4/ I 5/93 
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Validated data are qualified as either (1) V = valid and usable wthout qualification, (2) A 
= acceptable for use cylth qualification(s), or (3) R = rejected and thus unacceptable for 
use Valid data meet the followmg objective standards, where applicable 

Analytical methods were followed (pnmary validation cntena) 

Acceptance cntena were aclueved 

0 Sufficient numbers and types of QC samples were analyzed 

0 QC l m t s  were aclueved (pmary validation cntena) \ 

0 Compounds and analytes were correctly idenhfied (pnmary validahon cntena) 

0 Equpment and instrumentation calibration cntena were aclueved (pmary validahon 
cntena) 

0 Sample holdmg tunes were met 

Data that are acceptable wth qualificabons meet most, but not all, of the above-listed 
standards At a mmmum, all of the pmary validation cntena are acheved wthm 
acceptable l m t s  Rejected data fad to meet pnmary yalidahon cntena Data that were 
rejected were not used in any of the stahshcal calcdahons or m the data-quality 
assessment for OU 7 Data qualified as V or A are considered of equal uhlity, and both 
are used m computing statishcs and evaluatmg data quality Table 3-4 presents the 
validahon codes 

Table 3-5 presents a summary of the data validahon status for OU 7 as of December 1, 
1993 The percentage 
validated vanes by medlum and analyte group The percentage of data validated by 
medium vanes fiom 72 percent for groundwater to 100 percent for biota and soil gas 
The percentage of data validated by analyte group vanes fiom 55 percent for dissolved 
rdonuclides to 96 percent for total metals VOCs and SVOCs are above 90 percent 
Section 3 1 8 presents a detsuled evaluahon of the completeness of the data, mcludmg 
percentage validated and percentage rejected 

Appromately 87 percent of all results have been validated 

~~ 
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3 I 3  Data Management 

Data used for h s  report were extracted on December 1,1993, from WEDS, whlch is an 
electromc database that contams all data collected at the site In addhon to analyt~cal 
data for enwonmental samples, the WEDS database includes mformation such as field 
measurements, QC samples, and analytical results for sample diluhons WEDS contam 
all validated and unvalidated results Pnor to determmng data quality and usability, the 
entue database was reformatted and made mtemally consistent usmg the following five 
steps 

4 

1 Records reported wth undefined u t s ,  laboratory qualifiers, or validation codes, 
blank results or u t  fields, and non-radionuclide results equal to zero were 
researched If a resolution was not possible, these records were labeled as unusable 

2 Tentahvely idenhfied compound (TIC) records were labeled based on a result type of 
TIC or laboratory qualifier of “A” or “N ” 

3 Unvalidated result values, detechon lmts,  and u t s  were replaced wth validated 
result values, detection lmts,  and u t s  if validated data were mcluded with the 
record 

4 Result values were converted to consistent u t s  of measurement for each group of 
analytes as follows 

metals-milligrams per lulogram (mgkg) and micrograms per liter (ygL) 

orgatllc compound-icrograms per lulogram (ygkg) and mcrograms per 

radionuclides-picocurres per gram @Cl/g) and picocmes per liter @CIA,) 

water-quality parameter-illigrams per lulogram (mgkg) and mcrograms per 

liter(CLg/L) 

liter 

5 Duphcate reccuds were idenhfied and researched to d e t e m e  whch record to use 
based on the result type (for example, TRG [target], DIL [ddution], REP [replicate], 
REX [re-extrachon]), laboratory qualifier, and validahon code The record not to be 
used was labeled For example, wth an E-qualified orgmc compound TRG record 
and DIL record pm, retam the DIL record and label the TRG record as unusable 
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An mtemally consistent database of supportable data, standardized wts of measure, and 
utllque records for each analyte for each sample was developed usrng these cleanup steps 
Detect and nondetect cntena, summanes of the quantity, validahon status, and usability 
status of the records were compiled fiom th~s database 

Five additional steps were performed to produce the final "worlung" database 

1 Records were labeled wth usability categones based on the laboratory qualifiers and 
validahon codes as presented m Table 3-6 

2 TIC records were removed \ 

3 Records labeled as unusable or rejected were removed 

4 Results that mdxate detechon of an analyte @ts) and results that mdlcate non- 
detecbons were labeled based on the combmaahon of laboratory qualifier and 
validahon code as specified m tables 3-3 and 3-4, respectwely 

5 Two separate files, the "worlung" database (real sample results) and the QC database 
(QC sample results), were created as follows 

a Records of real and duplicate sample pars were idenhfied and copied to the QC 
database, duplicate sample records were removed fkom the worlung database 

b Records for field blanks, tnp blanks, equipment nnses, and matnx splkes were 
moved fiom the worlung database to the QC database 

Data from the worlung database are used to perform stat~st~cal cornpansons of site data to 
background data and to evaluate the nature and extent of contammahon Data from the 
QC database are used to descnbe the quality of data collected for the Phase I RFVRI rn 
terms of the data-quality mdxators descnbed below 

3 I 4 Data-Quality Indicators 

Data quality is assessed m terms of precision, accuracy, representatweness, 
comparabihty, and completeness, also known as the five precision, accuracy, 
representatweness, completeness, and comparability (PARCC) parameters PARCC 
parameters apply to both laboratory and field data. 

~ 
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3 1 5  

Precision is a measure o f  the reproducibility o f  analytical results Accuracy is a measure 
o f  how closely an analytical result corresponds to the actual concentration m a sample 
Representatweness is a qualitatwe measure o f  how well data meet the project goal o f  
representmg true background concentrations Completeness is a measure o f  the amount 
o f  valid data denved fiom the sampllng program Comparability expresses the extent to 
whch data collected over a penod of years and analyzed by different methods can be 
considered to be eqwvalent 

Secbons 3 1 5 through 3 1 9 bnefly descnbe each PARCC parameter, summmze the QC 
data avslllable to assess the parameter, present the results o f  the dataquality evaluation for 
each analyte group for each meha sampled, and evaluate the overall quality o f  the 
envlronmental data over the samplmg penod for each analyte group M each medium 
sampled Table 3-7 presents a summary of  the PARCC parameter QC cntena for each 
analyte group for each media for the sampling penod 

Precision 

Precision is a quanbtatwe measure o f  vanability that is evaluated by compamg analytical 
results for real samples to analytical results for correspondmg duplicate samples 
Evaluatmg precision among duplicate samples provides mformatlon not only on 
reproducibility o f  sampling methods but also on reproducibility of analflcal methods 

Quanbtatwe estunates of  precision are made by calculatmg the relatwe percent difference 
(RPD) as defined by the followmg equation 

RPD = (R - D) / ([R + D]/2) x 100 

where 

R = concentration o f  analyte in real sample 

D = concentration o f  analyte in duplicate sample 

Data that were rejected dunng data validation were elmmated fkom the data set pnor to 

any data-quality assessment calculations Data that were qualified as usable (V, A, or I) 
or that &d not have a data validahon code were used M the precision calculations Data 

that were qualified wth a U, mdxatmg nondetect results, were also used m the precision 
calculabons When both real and duplicate results for a sample pau were nondetects, the 
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RPD was calculated to be zero percent Although poor reproducibility is inherent in 
results at levels near the detechon lmts, the occurrence of nondetect results m real and 
duplicate sample p m  mdxates excellent precision For those sample p m  where a 
detectable result is reported for one sample and a nondetect result (U qualifier) is reported 
for the other sample, RPDs were calculated by subshtutmg the detechon lmts for the 
nondetect result 

QC cntena for RPD are specified m the QAPjP (EG&G 1990c), the GRRASP (EG&G 
1991g), and the QAA to the OU 7 Phase I work plan (DOE 1991b) Acceptable RPDs 
are less than 20 percent for all analytes m water (surface water and groundwater) and less 
than 35 percent for all analytes m soil (surface soils, subsurface geologic matenais, and 
sedments) 

Where data are sufficient, summary stahshcs for RPDs were calculated by analyte group 
for each medla sampled The statistics mclude the number of duplicates for whch the 
RPD could be calculated, the number of duplicates for whch RPDs exceed the QC 
cntenon (that is, 20 or 35 percent), the anthmehc average, the standard dewahon, and the 
coefficient of vanahon and are presented m Appendlx J In most cases, the number of 
duplicates exceedmg the QC cntenon and the average RPD calculated is mdicahve of the 
overall precision of the data However, when the number of samples is small or when the 
coefficient of vanation exceeds 100 percent, the average may not be a good measure of 
the central tendency of the data, and it is unportant to exarmne the other parameters as 

well 

The assessment of precision by analyte group for the medla sampled are dlscussed below 

3 1 5 1 Soil-Gas Assessment 

Ten soil-gas duplicate sample pam were collected dunng the OU 7 Phase I RFVRI and 
analyzed for VOCs Because the soil-gas results are based on Level I1 screerung 
actiwhes, the results were not formally validated As presented m Table J-1 (Appendlx 
J), there are no data validation codes nor laboratory qualifiers associated wth these 
results 

Appromately 20 percent of the VOC results for soil gas duplicate sample pars were 
reported as nondetects (RPD is zero percent), mcludmg all benzene results RPDs 
calculated for the remamder of the VOCs range fiom 0 to 197 percent Based on the 
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number of sample p m  RPDs exceedmg 20 percent and the average RPD, precision for 
vocs rn soil gas is f m  

3 1 5 2 Landfill Leachate-Groundwater Assessment 

Two duplicate sample paus of leachate-groundwater were collected wthm the landfill 
usmg the Bengt-Arne Torstensson (BAT@) system dunng the OU 7 Phase I RFI/RI 
These samples were collected as part of the Level I1 field screerung actmties, and 
therefore, the results have not been formally validated 

Table 5-2 (Appendx J) presents the RPDs for real and duplicate sample parrs 
Approxunately 20 percent of the VOC results were nondetects (RPD is zero percent) 
RPDs calculated for the remamder of the analytes ranged fiom 5 to 172 percent Based 
on the number of duplicate sample p m  wtth RPDs exceedmg 20 percent and average 
RPD, overall precision for VOCs m landfill leachate-groundwater is far  

3 1 5 3 Surface-Soils Assessment 

Twenty-me duplicate surface-soil samples were collected dunng the OU 7 Phase I 
WVRI Precision of surface-soil sample analflcal results for metals, donuclides, 
semvolatde orgmc compounds (SVOCs), PCBs, mons, and soil-samplmg parameters 
was assessed Table 5-3 (Appendm J) presents the RPDs for all real and duplicate sample 

P- 

Metals 

Approxunately 23 percent of the metal results from surface-soil duplicate sample p a s  
were reported as Uqualified by the laboratory All results for cesium were reported as 

nondetects (RPD is zero percent) Metals for whtch most of the results were reported as 
nondetects mclude antmony , c h u m ,  mercury, molybdenum, selemum, silver, 
thallium, and tm Of these, approxunately 12 percent have a result for one sample of the 
parr and a nondetect for the other sample The remamng metals, rncludmg a l m u m ,  
arseruc, bmum, beryllium, calcium, chromum, cobalt, copper, Eon, lead, Iihum, 
magnesium, manganese, mckel, potassium, silicon, sodum, stronhum, vanad~um, and 
m c ,  have fewer than one-half of the results reported as nondetects 

RPDs calculated for metals m surface soils are presented m Table 5-3 Based on the 
number of sample p m  exceedmg the QC cntenon for precision and the average RPD, 
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overall precision for metals is very good Although RPDs exceed 35 percent for the 
majonty o f  metals for mhvidual surface-soil sample p m ,  the average RPD does not 
exceed the QC cntenon All RPDs calculated for a l m u m ,  mn, magnesium, 
potassium, strontmn, and vanadium are below 35 percent It should be noted that it is 
hfficult to reproduce metal concentrations between duplicate soil samples becaue of  the 
heterogeneous nature of  the matnx Resultant RPDs may reflect poor samplmg precision 
due to the soil matnx, rather than poor laboratory precision 

Radionuclides 

Two percent of the donuclide results for surface-soil duplicate sample pavs were 
reported as nondetects Approxunately 30 percent of  the radlonuclide results were 
reported by the laboratory ulth a J- or an Xqualifier, mdxatmg esbmated or calculated 
concentrahons, respectwely RPDs calculated for radionuclides 111 surface soils are 
presented 111 Table 5-3 Overall precision is fm for the majonty of rachonuclides None 
of  the RPDs calculated for mdividual sample p m  exceed 35 percent for gross beta. At 
least one-half of  all RPDs for mdiwdual surface-soil sample p m  exceed the QC cntenon 
of  35 percent for amencium-241, cesium-134, tnt~um, and ~~ramum-235 Reproducibility 
of  radlonuclide concentrahons among field duplicates can be difficult to acheve due to 
analytical lmtat~ons Many of the concentrafions detected 111 surface soils were at levels 
very near the flll~ll~llum detectable activity, several results were reported as negatwe 
values 

L. 

svocs 

Approxlmately 87 percent of  the SVOC results for surface-soil duplicate sample p m  

were reported as U-qualified results by the laboratory (RPD is zero percent) Of the 
remamng 13 percent, several analytes have a result for one sample of the pm and a 
nondefect for the other sample RPDs calculated for SVOCs are presented rn Table 5-3 
Based on the number of sample pms exceedmg the QC cntenon for precision and 
average RPD, overall precision is very good for SVOCs 111 surface soils 

PCBs 

Approxlmately 92 percent of the PCB results for surface-soil duplicate sample pans were 
reported as U-qualified results by the laboratory (RPD is zero percent) The Uqualified 
results mclude Aroclor-1016, -1221, -1232, -1242, and -1248 for all surface soil duplicate 

~~~ 
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samples The only PCBs with RPDs in excess of 35 percent are Aroclor-1254 and 
Aroclor-1260 (Table 5-3) In both cases, a result was reported for one sample of the pau 
and a nondetect was reported for the other sample Based on the number of sample paus 
where the RPD exceeds QC cntenon and the average RPD, overall precision for PCBs m 
surface soils is excellent 

Anions and Sod-Sampling Parameters 

Approxmately 17 percent of the mons and soil-samplmg parameter results for surface- 
soil duplicate sample paus were reported as U-qualified results by the,laboratory (RPD is 
zero percent) Table 5-3 presents RPDs calculated for mons and soil-samplmg 
parameters RPDs are generally below 35 percent mdlcatmg that overall precision is very 
good for the majonty of these analytes, mcludmg percent solids, pH, and alkalmty as 

CaCO, RPDs were not calculated for mtrate/rutnte 

3 1 5 4 Subsurface Geologic Matenals Assessment 

Sixteen duplicate subsurface geologic matenal samples were collected dunng the OU 7 
Phase I RFVRI Precision of subsurface geologic matenal sample analflcal results for 
metals, r&onuclides, VOCs, SVOCs, pesticides, PCBs, major ions, and morgmc 
parameters was assessed Table 5-4 (Appendix J) presents the RPDs for all real and 
duplicate sample pars 

Metals 

Apprownately one-half of all metal results for subsurface geologic matenal duplicate 
sample paus were reported with a U qualifier by the laboratory Metals for whch all 
results were reported as nondetects .dude cadmium and cesium (RPD is zero percent) 
Metals for whch most of the results were reported as nondetects (RPD is zero) mclude 
antmony, mercury, molybdenum, selemum, silver, thallium, and tm Of these, 
approxmately 20 percent have a result for one sample of the patr and a nondetect for the 
other sample The remammg metals, including a l m u m ,  arsemc, banum, beryllium, 
calcium, chromum, cobalt, copper, iron, lead, Iihum, magnesium, manganese, mckel, 
potassium, silicon, so&um, strontmn, vanadium, and m c ,  have results reported 

RPDs calculated for metals m subsurface geologic matenals are presented m Table 5-4 
RPDs for mdivldual soil samples exceed 35 percent for all metals except magnesium and 
sodnun, however, average RPDs do not exceed the QC cntenon for many metals Based 
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on the number o f  sample p m  RPDs exceedrng the QC cntenon for precision and the 
average RPD, overall precision is very good It is chfficult to reproduce metal 
concentratlons between duplicate soil samples because o f  the heterogeneous nature o f  the 
matnx The RPDs calculated may reflect poor samplmg precision due to the soil matnx 
rather than poor laboratory precision 

Radionuclides 

Approxunately 30 percent o f  the radionuclide results for subsurface geologic matenal 
duplicate sample pavs were reported by the laboratory wth a J qualifier to mdlcate 
estlmated values Approxlmately 5 percent o f  all radionuclide results'were reported wth 
a U qualifier (RPD is zero percent), mcludmg all results for cesium-134 and 
approxunately 29 percent o f  the results for cesium-137 RPDs calculated for 
radionuclides m subsurface geologic matenals are presented m Table 5-4 Based on the 
number o f  sample pan RPDs exceedmg 35 percent and the average RPDs, overall 
precision is fm for the majonty o f  radionuclides RPDs signtficantly exceed 35 percent 
for amencium-124, cesium-1 37, plutonrum-239,240, strontium-89,90, and tnhum RPDs 
are below the precision l m t  for gross beta It is dlfficult to reproduce radionuclide 
concentratlons because of eqwpment limtations 

vocs 

RPDs were not calculated for VOCs in subsurface geologic matenal duplicate sample 
pam Therefore, precision for VOCs in subsurface geologic matenals cannot be 
evaluated 

svocs 

Over 99 percent o f  the SVOC results for subsurface geologic matenal duplicate sample 
pans were reported wth a U qualifier by the laboratory Results for 
benzo(b)fluoranthene and dm-butyl phthalate were reported wth a J qualifier The RPD 
calculated for benzo(b)fluoranthene is 10 percent The RPD calculated for di-n-butyl 
phthalate is 14 percent These percentages indicate excellent precision for those SVOCs 

Peshcides and PCBs 

All pestlcide and PCB results for subsurface geologic matenal duplicate sample p a r s  
were reported as U-qualified by the laboratory (RPDs are zero percent) 

175220\section3 doc 3-12 Draft 41 I 5194 



OU 7 Revised Work Plan Section 3 

Major Ions and Inorganic Parameters 

Approxunately 60 percent of the major ions and morgmc parameter results for 
subsurface geologic matenal duplicate sample p m  were reported by the laboratory w~th 
a U or UX qualifier (RPD is zero percent), mcludmg sulfide and total orgmc carbon 
RPDs were not calculated for mtrate, mtratehtnte, and mtnte RPDs were calculated for 
pH and percent solids Based on the number of sample p w  RPDs exceedmg the QC 
cntenon for precision and the average RPD, overall precision is excellent for these 
parameters 

Sediments Assessment 
\ 

3 1 5 5 

One sedment duplicate sample pau was collected dunng the OU 7 Phase I RFYRI 
Precision of sedment sample analyt~cal results for metals, radionuclides, VOCs, SVOCs, 
major ions, and morgmc parameters was assessed Table J-5 (Appendx J) presents all 
RPDs for thls sample pau 

Metals 

Approxunately 18 percent of the metal results for the sedunent duplicate sample par 
were reported as U-qualified by the laboratory Metals for whch both results were 
reported as nondetect (RPD is zero percent) d u d e  cesium, mercury, molybdenum, and 
thallium Metals for whrch only one of the results was a nondetect mclude cadm~um and 
tm For the r e m m g  metals, mcludmg alwum, arsemc, batrum, beryllium, calcium, 
chromum, cobalt, copper, Eon, lead, lithlum, magnesium, manganese, mckel, potassium, 
selemum, silicon, silver, sodum, strontium, vandum, and m c ,  both the real and 
duplicate sample have results reported RPDs calculated for sedment are presented in 
Table J-5 Based on the number of sample p w  RPDs exceedmg the QC cntenon for 
precision and the average RPD, overall precision is excellent for the majonty of metals 
RPDs exceeded 35 percent for only lithlum and silver RPDs for these metals are 37 
percent and 39 percent, respectwely 

Radionuchdes 

Approxunately 36 percent of the mbonuclide results for the sedunent duplicate sample 
pau were reported by the laboratory ulth either a J or an X qualifier Approxundteiy 36 
percent of the duplicate analyses have RPDs m excess of the QC cntenon for precision 
RPDs exceed 35 percent only for cesium-137, plutomum-239,240, stront1um-89,90, and 
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tuanm1n-235 and range fiom 44 to 1 17 percent (Table J-5) Based on these percentages, 
overall precision is good for rdonuclides m sediments 

vocs 

Approxlmately 94 percent of the VOC results for the sediment duplicate sample parr were 
reported as U-qualified by the laboratory All results for 31 of the 33 VOCs analyzed 
were reported as nondetects (RPD is zero percent) As presented m Table J-5, the RPD 
calculated for acetone is 114 percent The RPD calculated for toluene is 23 percent 
Based on the QC cntenon of 35 percent, precision for acetone (a common laboratory 
contammant) is poor whereas precision for toluene m sedunents is very good 

svocs 

Approxlmately 95 percent of the SVOC results for the sedunent duplicate sample par 
were reported by the laboratory wth a U qualifier For bis(2-chloroisopropyl)ether, 
fluoranthene, phenanthrene, and pyrene, one result was reported as a nondetect and the 
other as a detect Estunated values, reported by the laboratory wth a J qualifier, were 
reported for benzoic acid The RPD calculated for benzoic acid is 133 percent (Table J-5) 
indicatmg that precision for h s  analyte is very poor 

Major Ions and Inorganic Parameters 

Approxlmately 60 percent of the major ions and morgmc parameter results (mcludmg 
mtrate, mtratehtrate, and total orgmc carbon) for the sedment duplicate sample parr 
were reported by the laboratory wth either a U or an X qualifier, mdicatmg nondetect or 

calculated results, respectwely RPDs were not calculated for these analytes RPDs 
calculated for percent solids and pH are 2 percent and 4 percent, respectwely (Table J-5) 
These values mdicate that precision is excellent for these parameters 

3 1 5 6 Surface-Water Assessment 

Two duplicate surface-water samples were collected fiom the East Landfill Pond at 
location SW098 Precision of surface-water sample analytical results for dissolved 
metals, total metals, dissolved rdonuclides, total radionuclides, VOCs, SVOCs, 
peshcides, PCBs, mons, cymde, and water-quality parameters was assessed Table 5-6 
presents the RPDs for all real and duplicate samples paus 
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Dissolved Metals 

Over 50 percent of the lssolved metal results were reported as U-qualified by the 
laboratory Metals for whch all results were reported as nondetects (RPD is zero 
percent) include a lmum,  beryllium, cesium, chromium, cobalt, mercury, selemum, 
silver, thallium, tm, and vanadlum Metals for whch most of the results were reported as 
nondetects mclude antunony, c h u m ,  copper, molybdenum, and mckel Of these, 
apprownately 60 percent have a result for one sample of the p m  and a nondetect for the 
other sample The remamng dissolved metals, mcludmg arsemc, banum, calcium, mn, 
lead, lihum, magnesium, manganese, potassium, silicon, sod~um, stronmm, and m c ,  
have fewer than one-half of the results reported as nondetects 

RPDs calculated for dissolved metals in surface water are mcluded m Table 5-6 Based 
on the number of samples p m  exceedmg the QC cntenon for precision and the average 
RPD, overall precision is very good Inlvidual RPDs exceed 20 percent only for mn 
and m c  

Total Metals 

Apprownately 56 percent of the total metal results for surface-water duplicate sample 
p m  were reported as U-qualified results by the laboratory Metals for whch all results 
were reported as nondetects (RPD is zero percent) mclude antunony, arsemc, beryllium, 
c h u m ,  cesium, cobalt, lead, mercury, selemum, silver, thallium, and vanacl~um 
Metals for whch at least one-half of all results were reported as nondetects mclude 
almum, chromum, copper, molybdenum, mckel, and tm Of these, approxrmately 50 
percent have a result for one sample of the p m  and a nondetect for the other sample The 
r e m g  total metals, mcludmg bmum, calcium, uon, lihum, magnesium, manganese, 
potassium, silicon, sodium, stronhum, and m c ,  have fewer than half of the results 
reported as nondetects 

RPDs calculated for total metals m surface water are presented m Table 5-6 Based on the 
overall number of sample p m  exceedmg the QC cntenon for precision and the average 
RPD, overall precision is excellent for total metals 111 surface water Indmdual RPDs 
exceed 20 percent only for uon and zlnc 
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Dissolved Radionuclides 

Approxunately 12 percent of the dmolved donuclide results for surface-water 
duplicate sample p m  were reparted as U-qualified or UE-qualified (detecbon l m t  
reported as result) by the laboratory In addtion, many results are qualified wth a J All 
of the RPDs calculated for amencium-241, cesium-1 37, gross alpha, plutomum-239,240, 
and m u m - 2 3 5  exceed 20 percent RPDs for these analytes range fiom 26 to 447 
percent One-half of the RPDs calculated for gross beta, mum-233,234, and m u m -  

238 exceed 20 percent (Table J-6) The values for much of the donucl ide acbwty 
observed were at levels mdistmpshable fiom the rmnunuum detectable acbwty and 111 

many cases were negabve Reproducibility is dfficult to acheve under these 
circumstances because of analytical lmtations, and h s  does not necessanly mdicate 
p r  field precision 

Total Radionuclides 

Apprownately 11 percent of the total radionuclide results for surface-water duplicate 
sample pam were reported by the laboratory wth a U or UC qualifier Many of the 
results are J-qualified All but one RPD calculated for total donuclides exceeds 20 
percent (Table 5-6) The majonty of activity observed was at levels m&stmgulshable 
fiom nunurum detectable acbvity In several cases, the radionuclide results are negabve 
Reproducibility can be difficult to aclueve due to analytical lmtabons, and h s  may not 
necessanly mdicate poor precision 

vocs 

All VOC results for surface-water duplicate sample pars are U-qualified by the 
laboratory mQcatmg that there were no VOCs detected Consequently, RPDs calculated 
for these analytes are zero percent (Table 5-6) The occurrence of nondetect results m 
both real and duplicate samples mdlcates excellent precision for VOCs m surface water 

svocs 

Apprownately 99 percent of the SVOC results for surface-water duplicate sample paus 
were reported as Uqualified results by the laboratory (RPD is zero percent) The only 
SVOCs detected m duplicate samples are bis(2-ethyhexyl)phWate and Q-n-butyl 
phthalate Estunated analflcal results were reported for bis(2-ethylhexyl)phthalate, the 
RPD is 120 percent (Table 5-6) An estimated result and a nondetect result were reported 
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for &-n-butyl phthalate Based on consistent nondetect results m real and duplicate 
samples, overall precision for SVOCs m surface water is excellent 

Pestmdes and PCBs 

As presented m Table 5-6, all pesticide and PCB results for surface-water duplicate 
sample paus are nondetects (RPD is zero percent) 

Anions, Cyanide, and Water-Quality Parameters 

Approximately 40 percent of the mon, cyamde, and waterquality parameter results for 
surfwe-water duphcate sample pam are U-qualified by the laboratory, mcludmg all 
results for carbonate, cyamde, sulfide, and total suspended solids (TSS) The only 
d y t e s  that exceed the QC cntenon for precision are mtrate and TDS RPDs for these 
analytes are 123 percent and 21 percent, respectwely Based on the number of sample 
pam exceedmg the QC cntenon and the average RPD, overall precision is very good for 
the majonty of analytes 

3 1 5 7 Groundwater Assessment 

Three duplicate groundwater samples were collected dunng the OU 7 Phase I RFVRI 
Precision of groundwater-sample analytical results for dissolved metals, total metals, 
dissolved mhonuclides, total radlonuclides, VOCs, SVOCs, mons, cyamde, and water- 
quality parameters was assessed Table J-7 in Appen&x J presents the RPDs for all real 
and duplicate sample pam 

Dissolved Metals 

More than 60 percent of the dissolved metal results for groundwater duplicate sample 
pam were reported by the laboratory with a U qualifier (analyte not detected at the 
quanhtabon l m t )  or a UN qualifier (sample result below detecbon l m t )  Metals for 
whch all results were reported as nondetects (RPD is zero percent) mclude antimony. 
arsemc, beryllium, cadrmum, cesium, chromium, mercury, molybdenum, ruckel. 
selemum, silver, thallium, tm, and vanadium Metals for whch most of the results were 
reported as nondetects mclude aluminum, cobalt, copper, and lead Of these, 
approxunately 50 percent have a result for one sample of the pau and a nondetect for the 
other sample The r e m g  dissolved metals, mcludmg banum, calcium, rron, litluum, 
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magnesium, manganese, potassium, silicon, sodium, stronhum, and m c ,  have fewer than 
half of the results reported as nondetects 

RPDs calculated for lssolved metals m groundwater are presented m Table 5-7 
(Appendix J) Based on the number of sample pam exceedmg the QC cntenon for 
precision and the average RPD, overall precision is very good for the majonty of these 
analytes Indrvidual RPDs exceed 20 percent only for iron, manganese, potassium, and 
m c  RPDs for these metals range fiom 27 to 170 percent 

Total Metals L. 

Apprownately 30 percent of the total metal results for groundwater duplicate sample 
pavs were reported as Uqualified results by the laboratory Metals for whch all results 
were reported as nondetects (RPD is zero percent) rnclude cesium, mercury, 
molybdenum, selemum, silver, and thallium Metals for whch at least one-half of all 
results were reported as nondetects mclude antunony, cadrmum, and selemum Of these, 
appromately 50 percent have a result for one sample of the pau and a nondetect for the 
other sample The r e m g  total metals, mcludmg alurmnum, arsemc, bmum, 
beryllium, calcium, chromum, cobalt, copper, iron, lead, lithtum, magnesium, 
manganese, mckel, potassium, sihcon, solum, stronhum, tm, v d u m ,  and m c ,  have 
fewer than 50 percent of the results reported as nondetects 

RPDs calculated for total metals rn groundwater are presented rn Table J-7 Based on the 
number of sample pars exceedmg the QC cntenon for precision and the average RPD, 
overall precision is poor for the maJon@ of these analytes Appromately 60 percent of 
the RPDs exceed the QC cntenon RPDs for almum, arsemc, bmum, beryllium, 
chrormum, cobalt, copper, Iron, lead, lith~um, magnesium, manganese, mckel, potassium, 
silicon, tm, v d u m ,  and m c  exceed 20 percent RPDs for these metals range from 22 
to 1 10 percent RPDs are below 20 percent for calcium, sodium, and stronhum only 

Dissobed Radionuclides 

Appromately 40 percent of the dissolved radionuclide results for groundwater duplicate 
sample pavs were reported by the laboratory with a J qualifier to rndcate estunated 
values None of the results were reported as nondetects 

The RPDs calculated for lssolved radionuclides mcludmg mencium-24 1, cesium- 1 34, 
cesium- 13 7, gross alpha, gross beta, plutomum-239,240, stronhum-89,90, m u m -  

~~~~~ ~ 
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233,234, mum-235 ,  and m u m - 2 3 8  are presented m Table 5-7 Many of the RPDs 
calculated exceed 20 percent, however, many activibes observed were at levels 
mdistmpshable fiom the rmnunum detectable activity and m many cases are negatwe 
values Reproducibility under these circumstances is difficult to acheve because of 
analytical lmtations, and h s  does not necessanly reflect poor field precision All RPDs 
for amencium-24 1, cesium-1 34, cesium-1 37, plutomum-239-240, strontmrn-89,90, 
mum-233,234, mum-235 ,  and m u m - 2 3 8  exceed 20 percent and range fiom 
approxunately 64 percent to 1,088 percent One-half of the RPDs calculated for both 
gross alpha and gross beta exceed 20 percent 

Total Radionuchdes 

\ 

One-half of the total donuclide results for groundwater duplicate sample p m  were 
reported as Jqualified results by the laboratory Approxlmately 85 percent of the RPDs 
calculated exceed the QC cntenon of 20 percent and lnclude all values for americium-24 1 
and plutomum-239,240 and the majonty of values for tnt~um These elevated RPDs, 
whrch range fiom approxunately 51 to 250 percent (Table 5-7) reflect the difficulty of 

obtamng consistent reproducibility wlth radionuclide results because of analyt~cal 
lmtat~ons Therefore, the hgh RPDs do not necessanly represent poor field precision 

vocs 

Approxunately 96 percent of the VOC results for groundwater duplicate sample paus 
were reported as U-qualified results by the laboratory All results for 31 of 34 VOCs 
analyzed are reported as nondetects For 1 , 1 ,l -TCA, the majonty of m&wdual results are 
nondetects, however, for one sample pan the result for one member was reported as 

nondetect whereas a detectable resdt was reported for the other member Those analytes 
for whch the laboratory reported detectable results for each sample m a pau lnclude 
1,ZDCE and TCE RPDs for VOCs m groundwater are presented ln Table 5-7 The 
RPD calculated for 1,2-DCE is 18 percent The RPD calculated for TCE ranges fiom 0 
to 75 percent These percentages mdicate very good precision for 1,ZDCE and fau 
precision for TCE 

svocs 

Approxunately 99 percent of the SVOC results for groundwater duplicate sample pans 
were reported as Uqualified results by the laboratory (RPD is zero percent) These 
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results mclude analysis for 63 of 65 SVOCs For di-n-butyl phthalate, one result was 
reported as an estunated value although the other five results were reported by the 
laboratory wth a U qualifier Smlarly, the laboratory results for &ethyl phthalate 
mcluded an estunated value and a nondetect value RPDs for SVOCs 111 groundwater are 

presented in Table 5-7 

Anions, Cyanide, and Water-Quahty Parameters 

More than 30 percent of the mon, cymde, and waterquality parameter results for 
groundwater duplicate sample paus were reported as U-qualified by the laboratory The 
only analyte for whlch all results are reported as nondetects is bicarbonate as calcium 
carbonate (RPD is zero percent) For cymde, fluonde, and sulfide, the majonty of 
mdwidual results are nondetects (RPD is zero percent) However, for appromtely 5 
percent of the cymde, fluonde, and sulfide results, one result is reported as a nondetect 
and the other as a detect 

RPDs calculated for bicarbonate as CaC03, chlonde, mtrate, mtratehtnte, mtnte, sulfate, 
TDS, and TSS 111 groundwater are presented m Table 5-7 Based on the number of 
sample pans exceedmg the QC cntenon and the average RPD, overall precision is good 
for the majonty of these analytes Indmdual RPDs exceed 20 percent only for 
bicarbonate as CaC03, mtrate/rutnte, TDS, and TSS RPDs for these analytes range fiom 
23 to 103 percent 

3 1 6  Accuracy 

Accuracy is a measure of the closeness of a reported concentrahon to the true value 
Analy-hcal accuracy is d e t e m e d  by laboratory analyses of matenals wth known analyte 
concentrahons such as laboratory standards, laboratory control samples, and matnx splke 
samples Tius measure is expressed as bias and is deterrmned by calculatmg percent 
recovery fkom spdced samples Percent recovery (%R) is defined as 

%R=(SSR-SR)/SAx 100 

where 

SSR = spiked sample result 

SR = sample result 
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SA = spike added 

Percent recovery is reported m the data set and is presented for each analyte group in each 
medium sampled The QC cntenon for percent recovery, specified m the QAA for OU 7 
(DOE 1991b) and the GRRASP (EG&G 1991g), is 80 percent to 120 percent for all 
analytes m all meda. 

Where sufficient data are avsulable, summary statisbcs for accuracy are calculated 
Because %R can be either positwe or negative, summary stat~sbcs are reported III terms 
of the absolute value of the percent bias (%Bias) to better express vanabons around 100- 
percent recovery (%Bias = 100 - %R) In terms of %Bias, the QC cntenon is 20 percent 
Data presented m the OU 7 summary tables (Appendx J) for accuracy mclude %R, 
%Bias, number of %Rs reported, number of %Biases exceedmg 20 percent, and data 
qualifiers provlded by WEDS 

Splke data m the OU 7 data set consist of matnx spike (MS) and maw splke duplicate 
(MSD) data The only medum for whch splkes were collected and analyzed is 
groundwater Total and dissolved metals were used as the splke analytes No 
mformabon on splke concentrabons i s  available, thus possible correlabons between 
accuracy and concentrabon cannot be evaluated 

3 1 6 1 Groundwater Assessment 

One MS and one MSD groundwater sample were collected and analyzed dunng the OU 7 
Phase I RFI/RI Table J-8 m Appendix J presents the %Bias results for the groundwater 
spke samples collected 

Dissolved Metals 

For the MS sample, all dissolved metals, wth the excepbon of cesium and selemum, 
meet the QC cntenon for accuracy of 20 percent These metals measure %Biases of 5 17 
percent (reported by the laboratory wth a U qualifier) and 26 percent, respectwely The 
MSD was analyzed for two dissolved metals, cesium and silicon Only silicon has a 

%Bias that exceeds the QC cntenon of 20 percent The %Bias for silicon is 44 percent 
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Total Metals 

Table J-8 presents %R and %Bias for total metals All MS and MSD results, wth the 
excephon of those for alummum, arsemc, cesium, Iron, and silicon, are below the QC 
cntenon for accuracy of 80 percent to 120 percent for %R and 20 percent for %Bias 
These five metals measure %Biases rangmg fiom 34 to 517 percent Based on the MS 
and MSD data, total metals generally meet the %Bias cntenon for accuracy 

3 I 7 Representativeness 
\ 

Representahveness is a qualitahve parameter that expresses the degree to whch sample 
data accurately and precisely represent the charactenstm of a parttcular site or condition 
Representahveness is evaluated through the careful development and remew of the 
samplrng and analysis strategy The representahveness of OU 7 samples is d e t e m e d  
by evaluatmg whether or not the samples collected are truly representahve of the 
concentrahons rn the field, or if they have been affected by the mtroduction of 
contammahon dunng collechon and handlmg Adherence to the field samplmg plan for 
OU 7 ensured that samples collected fiom enwonmental media are representative 
Possible contarrunahon m the laboratory IS addressed dunng data validahon 

Possible contammahon of the environmental samples is evaluated by exammng 
analykal results for field blanks, equipment nnses, and tnp blanks Field blanks were 
prepared rn the field usmg dshlled water These blanks accompany enwonmental water 
samples (groundwater and surface water) through collechon, preparahon, shppmg, and 
analflcal procedures Analytical results of the field blanks can identxe contammation 
that may have been mtroduced dunng any of these steps The only field blanks collected 
dunng the OU 7 Phase I RFI/RI are surface water samples 

Equpment llllses are used to evaluate the effectiveness of the decontarmnation process 
and potenhal for cross-contammahon between samples Equpment flllses are prepared in 
the field usmg dshlled water that has been used to clean decontamtnated sampling 
equpment Equpment nnses are handled m the same manner as enwonmental samples 
tables J-9 through J-15 summame the analytes detected 111 all field QC samples collected 
d m g  the OU 7 Phase I RFI/RI 

Tnp blanks are used to assess the possibility that enwonmental water samples become 
contammated dunng storage and transportation Only one tnp blank was analyzed d u n g  

-~ 

3-22 Draft 41 I 5FM 17522Okct1on3 doc 



OU 7 Revised Work Plan Section 3 

OU 7 Phase I RFW samplmg activities, th~s blank was collected m conjuncbon wth 
surface-water sampllng The trrp blank was prepared m the sample preparahon area of 
the OU 7 field trzuler and accompamed the sample contamers to the field and then to the 
laboratory for analysis 

3 1 7 1 Soil-Gas Assessment 

Four eqwpment m e s  were collected m conjunction wth soil-gas samplmg at IHSS 1 14 
Seven equpment blanks were collected d u n g  soil-gas samplmg at IHSS 203 Table J-9 
presents the eqwpment nnse and eqmpment blank results \ 

Results for the eqmpment m e s  collected at IHSS 114 mdlcate that residual 
concentrabons of several VOCs present may have affected the representatweness of the 
soil-gas screerung samples Several VOCs were also detected 111 the eqmpment blanks 
collected at IHSS 203 However, based on the frequency of detecbon and the 
concentrabons detected, thelr presence does not appear to have affected the 
representatweness of soil-gas samples collected at IHSS 203 

3 1 7 2 Landfill Leachate-Groundwater Assessment 

Two equpment D e s  were collected at the landfill in conjunctlon wth leachate- 
groundwater samplmg usmg the BAT@ system Table J-10 presents the results for these 
QC samples Several VOCs were detected m these samples mdlcatmg that thew presence 
may have affected the representatweness of the leachate-groundwater screemng samples 

3 1 7 3 Surface-Soils Assessment 

m e e n  equpment nnses were cqllected m conjunction wth surface-soil sampling 
Table J-11 summanzes the analytical results 

Metals 

Metals detected mclude a l m u m ,  arsemc, banum, beryllium, calcium, copper, iron, 
magnesium, manganese, potassium, selemum, silicon, sodlum, and m c  With the 
possible excepbon of arsemc and m c ,  these metals were most ldcely present in the 
distdled water used to m e  sampllng equpment Arsemc and m c  were detected 
relahvely mfkquently and at concentrations that should not affect the representativeness 
of the surface-soil samples 
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Radionuclides 

Eqwpment nnses were also analyzed for radionuclides 
reportmg reqwements, all mhonuclide results are reported as hts 

Because of the nature of 

vocs 

One of the 13 eqwpment m e s  collected m conjunction wth surface-soil samplmg was 
analyzed for VOCs As presented m Table J-11, VOCs were not detected m h s  sample 
mdicatmg that decontammaQon procedures were adequate to prevent cross contarmnaton 
of samples 

\ 

svocs 

The eqwpment nnse analyzed for VOCs was also analyzed for SVOCs The only SVOC 
detected was bis(2-ethylhexy1)phthalate at a concentraQon that should not affect the 
representatlveness of the surfbce-soil samples 

PCBs 

Five of the 13 eqwpment nnses collected dunng surface-soil samplmg actwities were 
analyzed for PCBs, specifically Aroclor compounds Because no PCBs were detected, 
surface-soil samples collected and analyzed for PCBs are representatwe of site conditions 
and were not affected by cross contammatlon 

Major Ions and Inorganic Parameters 

Ten of the 13 eqwpment nnses collected were analyzed for mtratehtnte, and all of the 
m a t e  samples were analyzed for total orgamc carbon (TOC) Nitratdmtnte and TOC 
were detected m at least one sample Their presence does not occur with the Erequency or 
the concentrabon levels that should affect the representatweness of the surface-soil 
samples, 

3 1 7 4 Subsurface Geologic Matenals Assessment 

Ten eqwpment m e s  were collected d w g  subsurface geologic matenal samplmg at 
OU 7 Table 5-12 presents the analytical results 
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Metals 

Metals detected m equpment nnses mclude a lwum,  antmony, beryllium, cadmium, 
calcium, chromum, copper, son, magnesium, potassium, selemum, silicon, silver, 
sodium, tm, and m c  With the possible excephon of cadmrum, copper, silver, and m c ,  
these metals are major-ion conshtuents of natural waters and may have ongmated fiom 
the dishlled water used to nnse samplmg eqwpment Cadrmum, copper, silver, and m c  
were detected at ftequencies and concentrahons low enough so that thelr presence should 
not affect the representatweness of subsdace geologic m a t e d  samples 

Radionuchdes 

Nme of the 10 eqwpment nnses collected dunng subsurface geologic matenal samplmg 
were analyzed for radionuclides Due to the nature of reportmg reqwements, all 
ra&onuclide results are reported as hts (Table J- 12) 

vocs 

All ten of the equpment nnses were analyzed for VOCs The only VOCs detected were 
acetone and methylene chlonde, both of whch are common laboratory contarmnants 
Based on these data, it appears that decontammhon procedures were adequate to prevent 
cross contammhon and that analytical results for VOCs m subsurface geologic matenal 
samples are representahve of actual site concentrahons 

svocs 

All equpment nnses were also analyzed for SVOCs SVOCs were not detected 111 any of 
the eqwpment nnse samples mhcatmg that decontammhon procedures were adequate to 
prevent cross contammahon of samples collected durvlg subsurface geologic matenal 
sampllng 

Pesticides and PCBs 

Neither peshcides nor PCBs were detected m any of the 10 equpment flllses mdicatlng 
that any peacides or PCBs detected m the subsurface geologic matenal samples are 
representatwe of site concentrahons and not the result of dequate decontammbon 
procedures 
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Major Ions and Inorganrc Parameters 

The only major ions detected m any of the 10 equrpment m e s  are mtrate and 
mtratehtnte, both analytes were detected m one m e  sample only Thew presence ln 
equrpment nnses does not occur wth the frequency that could adversely affect the 
representahveness of the subsurface geologic matenal samples 

3 1 7 5 Sediments Assessment 

One equpment ll~lse was collected m conjuncQon wth b e n t  samplmg durrng the 
OU 7 Phase I WYRI Table 3-13 presents the analytical results 

Metals 

The only metals detected were arsemc, cadrmum, Iron, silicon, sodum, and m c  With 
the possible excephon of arsemc, cadrmum, and m c ,  the most llkely source for these 
metals is the dialled water used to nnse sampling equlpment The concentrahons of 
arsemc, c h u m ,  and m c  detected are low and should not affect the representativeness 
of the sedunent samples 

Radionuclides 

Eqwpment nnses were also analyzed for radionuclides 
reportmg reqwments, all donuclide results are reported as hts 

Because of the nature of 

vocs 

The only VOC detected m the equlpment nnse was acetone, whch is a common 
laboratory contarmnant These data mdicate that decontammabon procedures conducted 
d u g  OU 7 sedment sampllng were adequate to prevent cross contammhon of 
samples 

svocs 

SVOCs were not detected m the equipment m e  mdcatmg that decontammhon 
activities were adequate Therefore, concentrations of SVOCs detected m sedunent 
samples should be representatwe of environmental concentrahons 
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Major Ions and Inorganic Parameters 

The only morgatllc parameter detected m the equpment m e  collected dunng sedment 
samplmg was TOC Based on these data, it does not appear that cross contammation 
occurred dunng sedunent samplmg 

3 1 7 6 Surface-Water Assessment 

Three equpment nnses were collected and analyzed for metals dunng surface-water 
samplmg at OU 7 One field blank was also collected Table 5-14 presents the analytical 
data 

Metals 

A l m u m ,  antmony, beryllium, cadrmum, calcium, chromum, copper, iron, 
magnesium, manganese, silicon, sodium, tm, and m c  were detected m at least one of the 
three equpment nnses collected The most llkely source for the metals, with the possible 
exception of copper and m c ,  is the distilled water used to nnse samplmg equpment 
Based on the concentrahons detected, it does not appear that the presence of these metals 
affects the representahveness of the surface-water samples 

The only metals detected m the field blank were beryllium, calcium, Iron, lead, 
molybdenum, silicon, sodium, and zmc All metals, with the possible excephon of lead 
and m c ,  most llkely were present in the distilled water used to m e  sampling 
equpment The levels of lead and m c  detected do not appear to affect the 
representativeness of surf'e-water samples 

Radionuclides 

The eqwpment nnses and field blank were also analyzed for mhonuclides Because of 

the nature of reportmg requrements, all radionuclide data are reported as hts 

vocs 

All of the equpment nnses were analyzed for VOCs The only VOCs detected, at 

relatwely low levels, were acetone and methylene chlonde, both of whlch are common 
laboratory contarmnants Based on these data, it appears that decontammtion procedures 
were adequate to prevent cross contammation 
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In addbon, a tnp blank was prepared and accompmed surface-water samples to the 
laboratory There were no VOCs detected in h s  blank, mdcatmg that surface-water 
samples were not subject to introduced contammaon dunng storage or transportahon to 
the laboratory Based on these data, surface-water samples collected are representatwe of 
actual envlronrnental conditions 

s v o c s  

The only SVOC detected m any of the eqwpment nnses associated wth surface-water 
samplmg was bis(2-ethylhexyl)phthalate, whch was detected at a low concentrahon 111 
one of the three nnses The presence of tlus compound does not occur wth the frequency 
or the concentrahon level that should affect the representatweness of the surface-water 
samples 

Peshcides and PCBs 

All of the equipment nnses were analyzed for pesticides and PCBs As presented m 
Table 5-14, no pestrcides nor PCBs were detected m the eqwpment nnses collected after 
the field samplmg equipment was decontarmnated Therefore, it appears that 
decontammabon procedures dunng surface-water samplmg were adequate to prevent 
cross contammahon and that samples collected are representatwe of site condihons 

Anions, Cyanide, and Water-Quality Parameters 

All eqwpment m e s  were analyzed for mons, cyamde, and water-quality parameters 
Sulfate and TDS were the only analytedparameters detected m the three eqwpment 
nnses The most likely source for these analytes/parameters is the dishlled water used to 
nnse samplmg eqwpment These data indicate that surface-water samples collected are 
representatwe of site condtions The field blank collected dunng surface-water sampling 
was analyzed for mtratdmtrate, whch was not detected 

3 1 7 7 Groundwater Assessment 

Two eqwpment nnses were collected and analyzed m conjuncbon wth groundwater 
samplmg dunng the OU 7 Phase I RFI/RI Table J-15 presents the analytical results for 

these eqwpment m e s ,  mcludmg the frequency of "hts" wth detectable concentrations 
reported 
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Metals 

The metals detected m at least one of the two equpment nnses mclude alurmnum, 

arseruc, calcium, copper, Iron, lead, manganese, potassium, silicon, sod~um, strontium, 
and m c  The most llkely source for these metals, wth the possible excepbon of arseruc, 
copper, lead, and m c ,  is the distdled water used to collect the equpment nnses The 
presence of the metals detected does not occur wth the fiquency or at the concentrabon 
levels that should affect the representatweness of the groundwater samples 

Radionuclides \ 

Because of the nature of reportmg reqmments, all radionuclide results are reported as 
hts m the equpment nnses Table J-15 presents the data, mcludmg the rrrrmmum, 
maxunum, and mean results 

vocs 

There were no VOCs detected m the equpment nnses, mdicatmg that decontarmnation 
procedures conducted d m g  groundwater samplmg were adequate to prevent cross 
contamlnabon Based on the VOC data, groundwater samples collected and analyzed 
dunng the OU 7 Phase I RFYRI appear to be representatwe of site condibons 

svocs 

SVOCs were not detected m either of the two equpment nnses Based on the data, it 
appears that decontammtion of the groundwater samplmg equpment was adequate to 
prevent cross contarmnatron 

Anions, Cyanide, and Water-Quality Parameters 

As presented m Table J-15, the only analytedparameters detected m one of two 
equpment nnses were sulfide, TDS, and TSS No analytes were detected m the other 
equpment rvlse TDS is a common constituent of natural waters and may ongmate from 
the distilled water used to nnse samplmg equpment Sulfide and TSS were detected m 
one of the two equpment mses Thelr occurrence may mdicate that decontammtion 
procedures associated vvlth these nnses may not have been adequate to prevent cross 
contammation 
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3 1 8  Completeness 

Completeness is a measure of the amount of usable data resultmg fiom a data collecbon 
acbwty The target completeness objecbve for the OU 7 Phase I RFVRI field and 
analytxal data is 100 percent wth a mimmum acceptable lunit of 90 percent (DOE 
199 1 b) The completeness of field actiwties is defmed by the actual number of samples 
or measurements collected relative to the number of samples or measurements specified 
m the work plan Analytd data completeness is defined as the percentage of 
measurements made that are judged to be valid 

The completeness of field acbvibes is descnbed m AppenQx C of thls report 
Completeness for the OU 7 Phase I RFVRI IS evaluated by companng the planned to the 
actual number of samples collected and analyzed Table C-2 (Appendur C) presents thls 
companson It is dlfficult to quanbfy completeness m stnct accordance wth the 
p-delmes noted above In general, the number of samples collected and types of 

analyses performed at each samplmg locatron matched those specified m the work plan 
Samples not collected were due to extenuatmg circumstances related to field con&bons 
(that is, locabon lnaccessrble to the ng, dry wells) Addibonal samples were collected 
beyond those specified m the work plan (that is, methane survey at the Present Landfill) 
to further charactem the site and de te rne  the nature and extent of contamubon 

. 

Based on the mformabon presented in Table (2-2, the OU 7 Phase I RFVRI data are 
approxunately 95 percent complete Specific field acbvibes for whch completeness dld 
not meet the target of 90 percent include soil-gas and landfill leachate-groundwater 
samplmg usmg the BAT@ system, subsurface geologic matenal samplmg m boreholes, 
groundwater samplmg, surface-water samplmg and flow-rate measutrng at the 
groundwater mtercept system Qscharge pomts, and d a b o n  field screemg usmg a 
Geiger-Mueller detector Specific field actwities for whch completeness exceeded 100 
percent because addibonal samples were collected mclude the screemg-level methane 
survey, well tests, soil-gas samplmg, surface-soil samplmg, and surveymg at IHSS 203, 
and surface-soil samplmg and surveymg around the East Landfill Pond 

Analyhcal results should be validated to be considered m an assessment of completeness 
Table 3-5 presents a summary of the data validation results as of December 1 ,  1993 (date 
of most recent WEDS extracbon), mcludmg the percent validated and percent rejected 
A percentage rejected of more than appromately 10 percent is used as an mdcator of 

poor completeness The percentage validated vanes by meQum and by analyte group 

____ ~~ ~ 
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Percentage validated by medium ranges from 73 percent (groundwater) to 100 percent 
(biota) Of the total data that have been validated, less than 3 percent has been rejected 

With the excepbon of  VOCs, all analyte groups for surficial soils had less than 8 percent 
of  thelr data rejected Appromately 37 percent o f  the VOC results were rejected 
Overall, the number o f  results rejected for surface soils is 2 percent mdicatmg excellent 
completeness As presented m Table 3-5, completeness for subsurface geologic matenals 
and sedlments is also excellent, the total results rejected are 2 percent and 4 percent, 
respectwely 

For groundwater, the percentage of results rejected for each analyte group was less than 3 
percent The t o d  percentage rejected is 2 percent mdicatmg excellent completeness 
smlarly, the t o d  percentage of  results rejected for surface water is 7 percent With the 
excepbon o f  SVOCs, whch had 18 percent of results rejected, all analyte groups for 
surfwe water had less than 5 percent of thelr results rejected These data mhcate that 
completeness for surface-water analytical results is very good 

3 I 9 Comparability 

Comparability expresses the confidence wth whch data are considered comparable 
Because data are collected over a penod of months or years and analyzed by different 
analytical laboratones or methods, comparability of different data sets is cnbcal to data 
analysis Comparability is a qualitative parameter that is ensured by unplementabon of 
an approved samplmg and analysis plan, standadzed analyhcal protocols, and standard 
operabon procedures for field mvestigations 

In order to acheve comparability, work has been performed at OU 7 m accordance wth 
an approved work plan (DOE 1991b), standard analyt~cal protocols outlmed m the 
GRRASP (EG&G 1991g), and approved SOPS for data collecbon (EG&G 1992c) OU 7 
Phase I RFVRI data are reported in uniform wts pg/L, pgkg, mlligrams per liter 

(mg/L), mgkg, P C a  PC& 

Pnor data collection activities employed vanable sample collecbon and laboratory 
analyhcal methods As a result, hstoncal data may not always be comparable to data 
obtamed d m g  the OU 7 Phase I RFI/RI 
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3 I 10 Summary of Data Quality by Media 

Data quality by sample media for soil gas, landfill leachate-groundwater, surface soils, 
subsurface geologic matenals, sedunents, surface water, and groundwater is summand 

below 

3 1  101 SoilGas 

Precision for soil-gas data is f m  The majonty of RPDs calculated for several mdvidual 
VOCs exceeded the QC cntenon of 20 percent, mcludmg 2-butanone, 1,2-DCE, acetone, 
toluene, TCE, 1 , 1 , 1 -TCA, and xylenes 

h 

Accuracy was not d e t e m e d  for soil gas samplmg 

Representatweness is good Almost all of the VOCs analyzed for were detected in at 
least one of the equpment nnses or equipment blanks, however, the concentrations 
detected are generally low For the purpose of Level I1 screerung data, the results of the 
soil-gas samples do prowde a qualitatwe assessment of the location and relabve 
concentrabons of any "hotspots I' 

Completeness of the soil-gas samplmg activities was 84 percent ' Ihs  value is below the 
rrrrmmum acceptable llrmt of 90 percent 

Comparability of the soil-gas data has been established by the use of an approved work 
plan (DOE 1991b), standard analytical protocols (EG&G 1991g), and approved SOPS 
(EG&G 1992c) 

3 1 10 2 Landfill Leachate-Groundwater 

Precision for landfill leachate-groundwater data is poor VOCs wth at least half of the 
RPDs exceedmg the QC cntenon of 20 percent mclude 2-butanone, 1,2-DCE, hydrogen 
sulfide, methane, methylene chlonde, toluene, TCE, and xylenes 

Accuracy was not d e t e m e d  for landfill leachate-groundwater samples 

Representatweness is good Several VOCs, includmg l,ZDCE, acetone, methane, 2- 
butanone, methylene chlonde, and TCE, were detected in the field QC samples, however, 
the concentrabons detected were generally low These samples were used as a screerung 
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tool, and theu qualitahve results were backed up wlth Level I11 and IV data (that is, 
groundwater samples collected fiom momtonng wells) 

Completeness of the leachate-groundwater samplmg activihes was 40 percent Although 
thts level of completeness did not meet DQO objechves, data obtamed were 
supplemented wlth data from groundwater momtonng wells to acheve overall objechves 

Comparability of the data has been established usmg an approved samplmg and analysis 
plan, standard analflcal protocols, and an SOP currently m preparabon (EG&G m 
Progress) 

3 1 10 3 Surface Soils 

Precision for most analytes for surface soils is good, even though it can be difficult to 
acheve reproducibility m soil samples because of the heterogeneity of the matnx 
Precision for donuclides in surface soils, mcludmg amencium-24 1, cesium- 134, 
stronhum-89,90, trrhum, and ~~ramum-235 was poor, parhcularly at levels near the 
mmmum detectable achvity 

Accuracy was not determmed for surface-soil samplmg 

Representahveness is good Although several metals were detected m the eqwpment 
m e s  collected d u g  surface-soil samplmg, the majonty are major ions commonly 
found m water and most ldcely ongmated m the dishlled water used to mse samplmg 
eqmpment Arsemc and m c ,  whch were most ldcely not present m the Qshlled water, 
were detected relahvely lnfrequently and at low concentrations 

Completeness of surface-soil samplmg activihes at IHSS 203 and the areas around the 
East Landfill Pond exceeded 100 percent because addittonal samples were collected at 
each area. AdQhonal soil samplmg at IHSS 114 also exceeded the DQOs for 
completeness Of the total results avmlable as of December 1,1993, over 88 percent have 
been validated and less than 3 percent rejected 

Comparability of Phase I RFVRI surfwe-soil data from IHSS 114 is not comparable to 

surface-soil data fiom IHSS 203 and the East Landfill Pond because the sampling 
methods were different 
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3 1 10 4 Subsdace Geologic Matenals 

Precision for most analytes m subsurface geologic matenal samples is generally very 
good, wth the exceptton of manganese, mckel, and the majonty of  radionuclides 
Reproducibility associated wth these metals is poor as mdcated by the number o f  RPDs 
exceedmg the QC cntenon of  35 percent Similarly, reproducibility among the 
radlonuchdes is generally poor wth the exceptton of gross alpha, gross beta, radium-226, 
radium-228, mum-233,234,  m u m - 2 3 5 ,  m u m - 2 3 8 ,  parhcularly at levels near the 
rrrrmmum detectable wttwty 

Accuracy was not detemmed for subsurface geologic matenal samplmg 
. 

Representattveness is good Several metals were detected m the field QC samples, 
however, most analytes, wth the possible exception o f  cadrmum, copper, silver, and hn, 

probably ongmted m the distilled water used to nnse samplmg equlpment Cadrmum, 
copper, silver, and tm occurred b q u e n t l y  and at low concentrahons 

Completeness o f  subsurface geologic m a t e d  samplmg was 100 percent for upgmhent 
boreholes, 95 percent for downgrdent boreholes, and 56 percent for landlill boreholes 
(48 percent complete 111 arhficial fill and 95 percent complete m bedrock) The average 
completeness for subsurfwe geologic matenal samplmg was 84 percent Of the total 
results avadable as of December 1, 1993, over 96 percent have been validated wth less 
than 3 percent rejected mdlcatmg that analyt~cd completeness is very hlgh 

comparability o f  Phase I RFVRI subsurface geologic matenal data to hstoncal 
subsurface geologic matenal data has been ensured by the use o f  an approved work plan 
(DOE 1991b), standard analytical protocols (EG&G 1991g), and approved SOPS (EG&G 
1992c) 

3 1 10 5 Sediments 

Precision is generally very good for all analytes, wth the exceptton o f  Iihum, silver, 
cesium-1 37, gross alpha, plutomum-239,240, stronttum-89,90, uramum-235, acetone, and 
benzoic acid RPDs for these analytes exceed the QC cntenon of 35 percent for solid 
medla 
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Accuracy was not d e t e m e d  for sedment samplmg 

Representatweness is good Although acetone and several metals were detected m the 
equpment nnse collected m conjuncbon wth sedunent samplmg, the majonty of these 
analytes most llkely were present m the dtstdled water used to prepare the nnsate sample 
Arsemc, c h u m ,  m c ,  and acetone, whch probably did not ongmte m the distdled 
water, were detected mfiequently and at low concentrabons 

Completeness of sedment samplmg is 100 percent mdtcatmg that supported conclusions 
can be made based on these data. Analyt~cal completeness is veryhgh Of the total 
results m WEDS as of December 1,1993, more than 97 percent have been validated wth 
less than 4 percent of these rejected 

Comparabihty of sedunent data has been established by the use of an approved work plan 
@OE 199 1 b), standard analyhcal protocols (EG&G 199 I g), and approved SOPS (EG&G 
1992c) 

3 1 10 6 Surface Water 

Precision of field samplmg methods and laboratory analysis of surface water is very 
good, wth the excephon of uon, m c ,  and mhonuclides (except for stront1um-89,90), 
whch exceeded the QC cntenon of 20 percent In general, reproducibility of 
mhonuclide data is dtfficult to acheve, parhcularly at levels near the f~ll~llllllun 

detectable acbwty 

Accuracy was not evaluated for surface-water samples 

Representatweness is good basec' on the results of the field QC sample analysis 
However, several analytes were detected m the blank samples, mcludmg lead, m c ,  
acetone, methylene chlonde, and bis(2-ethylhexy1)phthalate infrequently and at low 
concentrabons 

Completeness of surface-water samplmg acbwbes is 100 percent for two samplmg 
locations (the leachate seep and surface water from the East Landfill Pond) 
Completeness is only 12 percent for the other two samplmg locatrons (groundwater 
mtercept system dtscharge pomts) as a result of field condtbons The lack of data fbm 
these locabons wll  not affect DQOs because groundwater apparently discharges to the 
East Landfill Pond, not to the discharge pomts Of the total results avadable as of 

175220kection3 doc 3-35 Draft 411 5/94 



OU 7 Revised Work Plan Section 3 

December 1, 1993, approxlmately 89 percent of the results have been validated Of 
those, only 7 percent have been rejected 

Comparability of the surface-water data has been established by the use of an approved 
work plan (DOE 1991b), standard analytical protocols (EG&G 1991g), and approved 
SOPs (EG&G 1992c) 

3 1 10 7 Groundwater 

Precision of field samplmg methods and laboratory analysis is generally very good 
Based on the number of RPDs that exceed the QC cntenon bf 20 percent for 
groundwater, however, several metals (a lwum, banum, chromum, cobalt, copper, 
Iron, lithlum, magnesium, manganese, mckel, potassium, silicon, v d u m ,  and zmc), 
mtratehtnte, TDS, and TSS exhlbit poor precision In addihon, radionuclides generally 
exhlbit poor precision, parhcularly at levels near the ~~ll~umum detectable achwty 

Accuracy goals were met usmg analytical results for the MS and MSD samples, wth the 
exceptlon of dissolved selemum and silicon and total alwum, arsemc, and silicon 
Recovery of these metals m the QC spikes exceeded the QC cntenon Several metals 
(arsemc, chromum, lead, and zmc) were detected in the eqwpment nnses and were most 
llkely not present m the distdled water used to mse samplmg eqwpment However, 
these metals were detected mfiequently and at low concentrahons 

Completeness of groundwater sampling activities is 78 percent for the 16 wells installed 
d m g  the OU 7 Phase I RFYRI These data mdicate that for the wells sampled 
completeness DQOs have been met and defensible conclusions can be made regardmg 
the nature and extent of groundwater contamination An evaluahon of the analytical 
completeness reveals that, as of December 1, 1993, approxlmately 72 percent of the total 
results have been validated Of those, less than 2 percent have been rejected 

3 2  

Comparability of groundwater data has been established by the use of an approved work 
plan (DOE 1991b), standard analytical methods (EG&G 1991g), and approved SOPs 
(EG&G 1992c) Data were reported in ufom mts 

Data Usabrlrty 

The usability of data was evaluated for each media sampled usmg the laboratory qualifier, 
the validabon code, and the results of the data-quality analysis The usability of 
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mdlwdual records was defined by the laboratory and validabon codes The usability o f  
larger groups of  data, such as all records for a specific analyte, was d e t e m e d  by the 
data-quality mdicators 

Four usability categones have been defined for data collected dunng the OU 7 Phase I 
RFVRI based on laboratory qualifiers and validahon codes Table 3-6 lists these 
categones and the qualifiers and codes associated wth each one Fully usable data 
mclude validated records that are not qualified by the laboratory as estmated values 
Estmated results are those data considered acceptable by the validahon code but reported 
by the laboratory as estunated values based on a vanety of QNQC'cntena Unusable 
data mclude rejected results and unvalidated records wth undefined laboratory qualifiers 
or qualifiem mdlcatmg poor analflcal results (such as "E"-qualified orgmc compound 
results) The fourth category mcludes unvalidated records that may or may not be 
qualified by the laboratory The status of these records r e m u  undetemed at h s  

tune, but they have been considered usable as estmated values smlar to the estmted- 
results category 

The percentages of the records for each medium that falls wthm each category are 
provided 111 Table 3-8 In general, the majonty of data from all medla types are h l l y  

usable The penentage of  rejected or unusable data for each medlum ranges fi-om 0 
percent for biota samples to 6 percent for surface-water samples Data m h s  category 
were removed fkom the worlung database 

Data usability has been assessed for two distinct data sets (1) hstoncal data collected 
pnor to the Phase I RFI/RI and (2) data collected d m g  the OU 7 Phase I RFI/RI 

3 2 1 Historical Data 

Histoncal data collected pnor to first-quarter 1990 are considered not usable for two 
reasons Pnor to 1989, there was no EPA CLP m effect at Rocky Flats, and pnor to 
1990, there were no documented SOPS for sample collecbon Some samples were 
analyzed by laboratones that did not provide adequate QNQC documentahon to conduct 
data validation Many results obtamed pnor to 1990 are unvalidated and wll necessanly 
remam so Because there is no way to venfy the results of  analyses pnor to 1990, these 
data should not be used m the human health nsk assessment or the evaluahon of remedial 
altemabves These data have only limited use for site charactemahon For example, 
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they may be used to evaluate general temporal trends, but they should not be used to 
descnbe the nature and extent o f  contammation 

The quality of hstoncal data collected fiom 1990 through 1992 was not evaluated These 
data are considered l l l y  usable if they fall into one o f  the three usable categones defined 
by laboratory qualifiers and validation codes (refer to Table 3-6) 

3 2 2 Phase I RFVRI Data 

Data collected d m g  the Phase I RFI/RI have undergone ngorous rewew and data- 
quality evaluabon Specific results o f  the dataquality analysis are summarrzed rn Sechon 
3 1 10 Results mhcate that, wth the excephon of soil-gas samples and landfill 
leachate-groundwater samples collected usrng the BAT@ system, data quality is generally 
good Therefore, data are usable for the mtended purposes of charactemg site physical 
features and identiflmg contarmnant sources 

4 

As of December 1993, appromately 87 percent o f  the records m the OU 7 Phase I 
RFVRI data set have been rewewed and evaluated m accordance wth EPA procedures 
for documentabon and validahon of Level IV data (Level V data for radiological 
analyses) The valid data are considered usable for site charactenzabon, human health 
and envuonmental nsk assessments, remedial alternahve evaluahon, engrneenng design 
and remedial acbons, and potentdly responsible party deternunabon (EPA 1987) 

Unvalidated data may not be as usable as the validated Level IV and Level V data 
Accordmg to EPA gLudance (EPA 1992), unvalidated data may be used in nsk 
assessments only qualitabvely to idenb& analytes dunng preparabon of  a samplmg and 
analysis plan The data used for a baselme nsk assessment must also meet cntena for the 
PARCC parameters As presented in Secbon 3 1, data quality has been assessed for all 
Level IV and Level V data. 

Data quality for the soil-gas samples and landfill leachate-groundwater samples collected 
usrng the BAT@ system is fsur Precision and representabveness for these samples, 
whch were collected dunng screerung achvities, is generally poor These samples were 
analyzed on site usmg a portable field gas chromatogram (GC), results are EPA Level I1 
screemg data. Data of thu level is typically subject to a wde range m data quality 
Level I1 data prowde qualitabve mformahon on the presence of elevated compounds (that 
is, hotspots) and on relative concentrahons to a d  111 characterrpng the site 
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Table 3-8 provides a summary of specific data usability for each me&a sampled Fully 
usable data, mcludmg valid and estunated data, range fiom 69 percent (groundwater) to 
100 percent (biota) of the total results These percentages mdicate that the majonty of 
data meet the data usability needs for addressmg the Phase I RFVRI objectives of 

charactenmg the site and evaluatmg contarmnant sources 

Surface-soil results mdicate that 85 percent of the total number are l l l y  usable, 3 percent 
are rejected, and 13 percent are unvalidated Subsurface-soil results mdcate that 89 
percent of the total number are fully usable, 3 percent are rejected, and 8 percent are 
unvalidated Sedment results reflect that 90 percent of the total number are fully usable, 
3 percent are rejected, and 7 percent are unvalidated Surface-water results mhcate that 
85 percent of the total number are fully usable, 6 percent are rejected, and 9 percent are 
unvalidated Groundwater results mdicate that 69 percent of the total number are l l l y  
usable, 4 percent are rejected, and 28 percent are unvalidated Many of these unvalidated 
results were collected dunng the thud and fourth quarters of 1993 and have not yet gone 
through data validahon 

Several specific deficiencies were identdied dunng the data-quality assessment 

0 The frequency of metals detected 111 equpment nnses is relahvely hgh The most 
frequently detected metals mclude calcium, uon, potassium, magnesium, silicon, 
sodium, and m c  Commercial-grade &stdled water was used to prepare these 
nnsates and is a llkely source of metals For thts reason, analyses of these kquently 
detected metals m equpment nnses may not be useful rn idenhfjlrng field 
conkmunabon of real samples The concentrations of most metals detected are lower 
than the EPA contract-required detechon l m t  (CRDL), mdmtmg that the presence 
of these analytes m equpment mses should not affect the representatweness, and 
thus usability, of the enwonmental samples collected 

0 For donuclide analyses, RPDs were extremely vanable and typically hlgh 
Elevated RPDs are associated wth low radionuclide acbwbes that are not wthrn the 
range r e q d  to ob- reproducible results Because of the poor laboratory 
precision associated wth measunng these actmhes, analyses of duplicate samples for 
rdonuclides does not prowde a measure of samplrng precision 

0 VOC analyses of equpment m e s  mdicate that acetone was typically present rn the 
m t e s  Thrs compound may onglnate fiom the commercial-grade distdled water 
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used to m e  the samplrng eqtupment, and it has also been idenhfied as a common 
laboratory contarmnant (EPA 1988a) In accordance wth procedures specified m 
EPA hchonal pdelmes (EPA 1988% EPA 1988b, and EPA 1992a), results for 
analytes detected 111 blanks may reqwe results fiom associated real samples to be 
restated as undetected l h s  assessment should be performed dunng data validahon 
Untd the results of such an assessment are avsulable, the presence of acetone rn a field 
sample should be considered as potentially resultmg tiom laboratmy contatnumbon 
Results for h s  compound should be qualified m WEDS and further evaluated At 
present, these results are considered usable as screenmg-level data. 

\ 

~ _ _ _ _ _  
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Table 3-1 
Required Field QC Sample-Collechon Frequency 

QC Sampla I frequency 
Field Duplicate 
Field Blank2 

I 1 per 10 real samples or 1 per sampling event' 
I 1 per shipping container (or a minimum of 1 per 20 
I real water samples) 

TriD Blank3 I 1 Der 20 real water samDles I 
Equipment Rinse 
TnDlicate SamDle (benthic sam~les)~ 

I 1 per 20 real samples or 1 per day4 
I For each samdina site 

Whichever is more fkquent , 
For samples to be analyzed for morganic compounds 
For samples to be analyzed for volatde organic compounds only Tnp blanks shall not be used for 
radlochemlstry samples because these samples are less llkely to be contammated through the mtroduction o f  
radionuclides from dmct exposure to au than by the mtroduction of volahle organic compounds 
Whichever 1s more ftequent for each specific sample m a m  bemg collected when non-dedicated equipment is 
bemg used 
For samples collected for tissue analysis 

Defmitions 

QC quality control 

Source EG&G 1990c, DOE 1991b 
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Include In 

coda Definition Data Andyak 
A Acceptable result Yes 
8 Laboratorv aualifier no 

Section 3 

N 
P 
R 
S 

Table 3-4 
Definihon of Validahon Codes 

Laboratory qualifier no 
Undefined no 
Rejected result no 

no 

I 
~~ 

I c I Laboratory qualifier no 
J I Esbmated result I yes 

JA [ Acceptable result (for estimated value) yes 

I Z I Validation not required or performed I no I 
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MiumtAmiyte Group 
Subsurface Geologic Materials 

Table 3-5 
Data Validahon Summary (as of December 1,1993) 

Total Numberof 
Number af Valldated %Results %Rusub 
Reaub Results Vatidatad R e j e W  

I 
Metals, Total 
Pesticides and Pohrchlonnated Biahenvls 

3315 3315 40 100 1 
1247 1163 36 93 3 

I - a  - - . - - - - - . . . . - - . - 

Radionuclides, Total 
Semnrolatile Oraanic Comtmunds _ _  -- -- _ _  r-- -- - - - - - - - - - - 
IVolatile Oraanic Comwunds I 3597 I 3464 I 148 I 9 6 1  4 1  

-- -- _ _  - 
1231 894 93 73 8 
7462 7397 26 99 <I 

IWaterdualitv Parameters I 592 I 568 I 87 I 96 I 

Biota 
Metals, Total 
Radionuclides, Total 
TOTAL 
Groundwater 

252 252 0 100 0 
81 81 0 100 0 

333 333 0 100 0 

Soil Gas 
Volatile Organic Compounds 
TOTAL 
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GateB#y heftrtnion 
VALID Fully usable 
ESTIMATE Usable as eshmated result 

Table 3-6 
Usability Categones 

vafidaffoncodra j LaboF4my m”8 J 
A, v blank, U 
A, J, V, JA’ +, *, 9, C, Dl E (inorganics), F, G, 

HI I, J, N, S, UJ, UN, UW, UX, W, 

resuli no validahon code 

I 1 I XI y, z 
REJECT I Not valid I B, C, N, P, R, S, Z I E (organics), L, R, 

E (inorganics), F, G, H, I ,  J, N, S, 
U, UJ, UN, VW, UX, W, X, Y ,  Z 

I I I UE (radionuclides) 
BLNKN VAL I Acceptable or eshmated I Y ,  blank I blank, +, *, 9, C, D, I 
’ If the valtdat~on code IS J or JA, then U and blank lab qualifiers arc considmd to be csttmates 
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Table 3-7 
PARCC Parameter QC Cntena by Media Sampled 

I collected Using BA? I svstem I I 
Definitions 

PARCC 
Qc quality control 
RPD relative percent didnncc 
% Bias 

precision, accuracy, rcprcscntat~veness, completeness, and comparability, used to assess data quality 

percent bias, equal to 1OO-pcrccnt recovery 
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4. NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of contarmnation related to sources wthtn OU 7 were evaluated by 
analysis of chemcal data from envvonmental media collected dunng the Phase I RFVRI 
and dunng sitewde surface water and groundwater momtonng programs Th~s 
evaluabon was based on the followmg dormahon descnpbve summary stabsbcs for 
each analyte from each m d a  type, graphcal presentabons of concentrabon data for each 
analyte from each me la  type, analyte-distnbuhon maps for selected meQa (landfill gas, 

surface soils, and groundwater), compmsons of chemcal data fiom,OU 7 to chemcal 
data h m  background media to idenbfi PCOCs, and qualitative analysis of chemcal data 
to evaluate the spahal and temporal vanatlons in contarmnant concentrahons The 
stabsbcal data-analysis methods are descnbed in Section 4 1 The summary stabsbcs for 
each me la  type are mcluded m Appendut M, graphcal presentabons of chemcal 
concentrabon data are mcluded m Appenlces K and L, and the results of stahsbcal 
compmson tests are prowded m Appenlx M A detaxled descnphon of contarmnant 
sources is promded m Section 4 2 Secbons 4 3 through 4 8 descnbe the nature and 
extent of contammabon to environmental media m the wcmty of the landfill 

4 1  Methodology for Background Companson and PCOC I d e n ~ c a h o n  

Data from OU 7 samples were compared to data from background samples for each 
meha type sampled dwng the Phase I RFI/RI The background geochemcal 
charactenzabon report (EG&G 1993a) supplied data for background samples of 
sedunent, geologic media, groundwater, seep water, and surface water The 
charactenstics of background soils were descnbed from samples collected m the Rock 
Creek dmnage (EG&G 1993a) The data from each media type were aggregated in 
comparable subsets for compmson to background data to meet specific mvestigation 
objectlves and to identie PCOCs The rationale for the data aggregabon schemes used 
is presented m Section 4 1 1 The procedures used for statistical analysis and 
compmsons are descnbed in Section 4 1 2 

Qualitabve compansons of site data to background data were made for each medla type 

sampled at OU 7 Histograms and box-and-whsker plots (box plots) for each analyte 
from each meha type were generated for both site and background data. The graphc 
presentatlons of the data were used to evaluate the magmtude, vmability, and distnbuQon 
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of concentmbons for each analyte These graphs are presented m Appendices K and L, 
respecbvel y 

Chemical concentration data from vmous media sampled at OU 7 were statistically 
evaluated to identify analytes present at concentrations elevated relative to their 
concentrations in media -from background -.--A locations Analytes having elevated 
concentrations in media from OU 7 were considered-- -as defined in EG&G 
(1994b) PCOCs were identdied by companson to background data using the 
stabshcal and qualitative methods outlined in Statistical Compansons of Site-to- 
Background Data in Support of RFVRI Investigabons (EG&G 1994b) The site-to- 
background cornpanson methods were used to identify inorgamc analytes and 
radionuclide PCOCs Orgmc compounds were considered PCOCs if detected 111 

-- --__ ---- 

-- - --- -_ --- 
-- - 

-_I_ - - 
4 I I Data Aggregation for Background Comparisons at OU 7 

Chemcal concentrabon data fiom vanous environmental medla sampled at OU 7 were 
evaluated w~th the followmg two distinct objecbves to idenbfy PCOCs and to descnbe 
the nature and extent of contimunabon Pnor to companson of chemcal concentrabon 
data fiom OU 7 to background values, data were aggregated by media Data aggregahon 
was based on the stabsbcal assumption that all samples wthm a data set were 
mdependent but comparable (collected and analyzed usmg the same methods), and 
represented by a smgle population charactenzed by a fixed mean and vmance 

The media types at OU 7 mclude surface soil, surface water, seeps, pond sedunents, 
geologic matenals, and groundwater (Table 4-1) W i h  each media, samples were 
further subdmded by depth, sampling method, sample locahon, hydrostra&paphc m t ,  
geologic ulllt, and locabon relahve to contammant sources, as needed, for comparability 
wth background data Table 4-1 presents the prunary groups of data by media, defines 
the appropnate subdwisions of those groups, and descnbes the aggregabon scheme that 
trill be used to perform the statisbcal compansons to background data The rabonale for 
the aggregabon approach used for each media is discussed below 

Surface soil data from OU 7 are compnsed of samples collected fiom three areas the 
East Landfill Pond area, the Inacbve Hazardous Waste Storage Area (IHSS 203), and the 
Present Landfill (IHSS 114) Surface soil samples fiom the 0- to 2-mch depth mterval at 
the East Landfill Pond and IHSS 203 were collected usmg the grab method Surface soil 
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samples fiom the 0- to 10-mch depth interval at these locations were collected using the 
hand auger meth-e soil samples fiom IHSS 1 14 were collected usmg a different 
samplmg methocc-the Rocky Flats method for composite samples As a result, the 
samples collected from IHSS 1 14 cannot be directly compared to samples fiom the East 
Landfill Pond or IHSS 203, and the three areas were evaluated mdiwdually dunng 
stabstical testmg Simlarly, soil samples collected from the two lfferent depth intervals 
at the East Landfill Pond and IHSS 203 are not considered duectly comparable Soils 
fiom the 0- to 2-mch depth mterval may have different ongm and contammant transport 
pathways than soils fiom the 0- to 10-mch depth mterval As a result, the soils fiom the 
East Landfill Pond and IHSS 203 have been M e r  subdiwded by Crepth The result is 
five subsets of surface soils as shown m Table 4-1 StatJst~cal compansons wth 
background data were performed separately for each of the subsets 

d 

Borehole samples were collected fiom subsurface geologic matenals upgradient, w h n ,  
and downgrdent of the Present Landfill The two d o w n w e n t  locahons (70993 and 
71093) were grouped separately because they have separate sources of potential 
contamnabon, borehole 70993 was dnlled downgradient of the north mtercept system 
discharge point, and borehole 71093 was dnlled down@ent of the south intercept 
system &scharge pomt As a result, subsurface geologic matenals were ltlltlally grouped 
mto three subsets of data upgradient (70493 and 70593), downgradient (70993), and 
downgrixhent (71093) Data in these subsets were further subdwided by geologic umt as 

follows Rocky Flats Alluvium, colluvium, and weathered Arapahoe and Laramie 
Formation Data in these subsets were compared a g m t  sitewde borehole data for each 
geologic umt 

Sedunent was collected fiom three locations at the East Landfill Pond The sediment 
samples were collected usmg a conng device, and mulbple cores were collected at each 
locabon and composited for analysis 

-mchW Sources of sedunent to the pond include o n g d  stream sedunents in the 
dramage, surface runoff, eolian matenal, and selments associated wth flow from the 
seep Sedunent from all three pond locations was grouped together and compared to 

stream sedunents from background locations 

Surface water samples were collected from three locations the East Landfill Pond 
(SW098) and the two discharge pomts for the groundwater-mtercept system (SW099 and 
SWlOO) Sources of water to the East Landfill Pond are precipimon, suTf8ce runoff, 
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groundwater base flow, and-to a lesser extent-leachate from the landfill The sources 
of water to the mtercept system are groundwater entemg the system around the penmeter 
of the landfill and, potentially, leachate generated outside the lntercept system Thus, the 
surface water locabons consbtute two distinct groups the East Landfill Pond water and 
water fiom intercept system discharge points (Table 4-1) Water fiom the two intercept 
system discharge pomts was compared separately to background data to determme if 
different analytes were elevated above background concentrabons at the two discharge 
polnts These data were used to mvestrgate the lmpact to water quality of a potential 
breach m the groundwater mtercept system along the northern penmeter of the landfill 
(Secbon 2 5) 

b, 

Seep water was collected from one locatiorr--a seep at the bottom of the east face of the 
landfill (SW097) The source of the seep water is leachate from the landfill Seep water 
data from thls location were compared to natural seep water d3ta from background 
locatlom 

Groundwater samples were collected fiom wells screened m the UHSU and LHSU 
Because these umts compnse separate flow systems, the data were divided by 
hydrostra@rapluc umt The UHSU compnses Rocky Flats Alluwum, colluvium, valley- 
fill alluvium, artificial fill, weathered bedrock, and bedrock sandstones m duect hydraulic 
connection wth other mts m the UHSU (subcroppmg sandstones) The LHSU is 
composed of unweathered bedrock Wells that screen the UHSU have been further 
subdiwded into three areas upgradient, w t h  the landfill, and downgradient 
Groundwater samples fiom these areas consbtute three illstmct populabons Wells that 
screen the LHSU have been further subdivided mto two areas upgradient and 
downgradient of the lanNill No LHSU wells exlst w t h  the landfill Groundwater 
samples from these areas constrtute two distmct populations PCOCs 111 the UHSU were 
idenbfied by companng all UHSU data to sitewde background UHSU data PCOCs in 
the LHSU were identified by compamg data from LHSU wells downgradient of the 
landfill to sitewde background LHSU data The LHSU and UHSU wells upgradient of 
the landfill were compared to background data to evaluate the nature and extent of 
contammation The nature and extent of contammbon m the UHSU were also evaluated 
by companng UHSU wells wthm the landfill to background UHSU data Background 
compmsons for groundwater are summanzed m Table 4-1 
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4 I 2 Statistical Analysis Procedures for PCOC Identification 

The flow chart presented m Figure 4-1 illustrates the process for idenhfjlmg PCOCs The 
statistical methodology for site-to-background compmsons for morgmc analytes and 
radlonuclides followed the procedures outlmed m Statmtical Compmsons of Site-to- 
Background Data m Support of W I N  Invesbgations (EG&G 1994b) The PCOC 
idenbficabon process consisted of the follomg steps (1) a hot-measurement test, (2) 
the Gehan test, (3) the Quantde test, (4) the Slippage test, (5) the t-test, and (6) 
professional judgment Analytes havmg concentrations elevated relabve to background 
concentrabons, as mdlcated by the hot-measurement test or any. of the mferenbal 
stat~shcal tests (Gehan, Quantde, Slippage, and t-test), are considered PCOCs The five 
companson tests are descnbed below 

Chemcal data from OU 7 were evaluated usmg a hot-measurement test, whch compares 
each measurement wth an upper tolerance l m t  (UTL,) value for the correspondmg 
d y t e  m the background data The hot-measurement test is useful as a screemng tool to 
ensure that unusually large measurements are adequately evaluated regardless of the 
output of the more formal mferenhal statisbcal tests The UTL concentrabon used dunng 
companson of site to background data was the value Thls UTL represents a 
value for whch there is 99-percent confidence that the UTL is equal to or greater than the 
true 99th percenble of the background populabon The UTL values for background data 

were reported m the background geochemical charactemahon report @G&G 1993a) 

Statistical lnference tests (Gehan, Quantile, Slippage, and t-tests) were used to compare 
the means and medians of the OU 7 and background populabons The null (€&) and 
alternatwe (H3 hypotheses use? d u n g  the stat~sbcal analyses are as follows (Gilbert 
1993) 

H, Chemcal concentrabons w h  OU 7 are not sigmficantly greater than those m the 
background area 

H, Chemcal concentrabons w h  OU 7 are sigmficantly greater than those in the 
background area 

The nonparametric Gehan test (Palachek et al 1993, Gehan 1965) can be used to evaluate 
data sets wth mulbple detection l m t s  and nondetects and can be used regardless of the 
distnbubon of the data The Gehan test is a generalmbon of the more common non- 
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parametnc ANOVA Wilcoxon Rank Sum test The Gehan test was performed for all 
analytes The parametnc ANOVA t-test was used only when background and site data 
contamed less than 20 percent nondetects and normality assumpbons based on the 
Shaplro-Wilk test were satisfied 

Other nonparametnc tests used to compare background and site data mcluded the 
Quanble and Slippage tests The Slippage test consists of countmg the number of OU 
measurements that exceed the maxmum background measurement If the number of 
measurements exceedmg the maxllllllfn background measurement was greater than a 
cnbcal value obtamed fiom tables m Rosenbaum (1954), then the analyte was considered 
a PCOC 

The Quanble test is smlar  to the Slippage test and was performed by listmg the 
combmed background and OU measurements fiom smallest to largest The test counts 
the number of measurements fiom the OU that are among the largest measurements of 

the combmed data sets If the number of measurements is greater than a cnbcal value, 
the analyte was considered a PCOC The largest measurement and cnbcal values were 
d e t e m e d  fiom tables m Gilbert and Simpson (1 992) 

The mferenhal statistical tests (Gehan, Slippage, Qmble,  and t-test) compare 
background and OU 7-wde concentrahon distnbubons The hot-measurement test 
compares each measurement to a comspondmg UTLWM value The difference m the 
two methods is that the mferential tests compare hfferences between populabon 
distnbutrons and the hot-measurement test compares mdividual measurements to a smgle 
value The hot-measurement test is not considered a formal stabsbcal test because false 
posibve and power requrements are not explicitly stated 

The final identificabon of PCOCs was subject to professional rewew of the test results 
and graphc presentabon of the data The professional judgment of the analyst is requred 
to consider other factors such as the spatial and temporal distnbubon of analytes, hstonc 
mformabon regardmg past operat~ons at the site, mter-element conelahom, mass balance 
calculabons, and knowledge of the hydrology, geochemstry, and geology of the site 

4.2 Sources 

The pnmary sources of contamnabon at OU 7 are landfilled wastes and associated 
leachate and gas wthm the Present Landfill Potential secondary sources of 
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contammation at IHSS 114 include (1 )  soils and other geologic matenal beneath the 
landfill that may have been contarmnated by leachate, (2) leachate seepmg from the 
landfill, (3) surface water m the East Landfill Pond, (4) sedments m the East Landfill 
Pond, and (5) potenbally contammated surface soils in the spray evaporabon areas At 
IHSS 203, the pnmary source of  contammation, i f  any, is surface soil affected by past 
spills or chemcal releases 

Pnmary sources at OU 7 are discussed below Sechon 4 2 1 descnbes the charactenstics 
o f  the landfill solids Section 4 2 2 discusses gases detected wthm the landfill d w g  the 
OU 7 Phase I RFIRI methane survey and soil-gas samplmg Sectiom4 2 3 presents data 
descnbing leachate wthm the landfill and its role as a source 

Potenbal secondary sources are discussed in Sections 4 3 through 4 7 These sections 
present the nature and extent of contammation 111 surface soils and vadose zone, 
subsurface geologic matenals, sedments, surface water, and groundwater, respecbvely, 
ongmatmg from sources at IHSSs 114 and 203 

Landfill Solids 

Charactensbcs of the landfill solids are based on hstoncal mformabon charactenmg 
waste dsposal and mformabon obtaned dung the OU 7 Phase I RFI/RI Physical and 
chemcal factors afTectmg the degradation of landfill wastes are also presented based on 
mformation from slrmlar solid waste (municipal) landfills 

Waste Volume 

The volume of  landfill solids has been estimated usmg hstoncal and future waste 
disposal rates and dormation obtamed dung the OU 7 Phase I RFVRI charactenzmg 
the areal and vertical extent o f  landfill matenal 

From 1968 to 1978, the landfill received approximately 20 cubic yards (cy) o f  compacted 
waste per day By 1974, the surface area covered by the landfill had expanded to 
approxlmately 300,000 square feet The volume occupied by the landfll was estmated 
by areal photographs to be approxlmately 95,000 cy (Table 4-2) The volume o f  cover 
matenal mcluded in h s  total was estimated at 30,000 cy The remammg 65,000 cy 
consisted of  compacted wste  intermixed wth the dally cover matenal placed d m g  
disposal Estmates made m 1986 indicate that approxmately 160,000 cy o f  matenal had 
been placed between 1974 and 1986, for a total landfill volume of 225,000 cy The 
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4 2 1 2 Waste Composition 

As discussed prevlously m Sechon 1 3 1, the landfill was designed for disposal of 
nonradloachve solid waste In 1986 and 1987, waste streams were charactenzed under 
the WSIC program Lmted analytical testmg, mcludmg the extracbon procedure 
toxlcrty test, was performed as part of the WSIC program Approxunately 1,500 waste 
streams were idenbfied, 338 of whlch were bemg sent to the landfill for disposal Thls 
included 241 waste streams idenhfied as nonhazardous and 97 solid waste streams that 
contamed hazardous waste or hazardous waste comtuents Appendw A presents tables 
of the nonhazardous and hazardous waste streams idenhfied dunng the WSIC program 

The nonhazardous waste streams disposed ln the landfill mclude office trash, paper, rags, 
demohhon matenals, empty cans and contamers, used filters, vanous electncal 
components, dned mtary sewage sludge (disposed in the 1970s), solid sump sludge, 
and other mscellaneous sludges These sludges were classified as nonhazardous, 
although doachvely contarmnated sludge fiom the mtary wastewater treatment plant 
(Bmldmg 995) was also, reportedly, routmely disposed m the landfill fiom August 1968 
through May 1970 These sludges may mtead have been disposed m trenches A, B, and 
C south of the landfill (whch were inveshgated as part of the OU 6 RFVRI) 

Four general categones of hazardous waste streams were idenhfied by the WSIC program 
as discussed m Section 1 3 1 These categones mclude (1) contamers parhally filled wth 
pamt, solvents, degreaslng agents, and foam polymers, (2) wipes and rags contammated 
wth these matenals, (3) pamt and oil filters, and (4) metal cuttmgs and shavings, 
includmg mmeral and asbestos dust and miscellaneous metal chlps coated with hydraulic 
oil and carbon tetrachlonde In :he fall of 1986, wastes with hazardous constituents were 
no longer placed m the landfill 

Dned satary sewage sludge (placed durrng the 1970s), solid sump sludge, and other 
mscellaneous sludges were also dsposed m the landfill These sludges were classified as 

nonhazardous based on an evaluabon of the processes that generated the waste sludge and 
on the ldcelhood that RCRA-listed wastes were generated or that the sludge mght be a 
charactenshc waste under RCRA However, rahoachvely contammated sludge from the 
smtary wastewater treatment plant was reportedly routmely dsposed at the landfill from 
1968 through 1970 (DOE 1992a) The contarmnated sludge contamed uran~um and 
plutomwn, whch had entered the smtary sewage system wth laundry water 
Approxunately 2,200 pounds of sludge contamng an estunated total of 8 rmlligrams of 
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plutomum, as well as an undetemed amount of depleted uraruum, were buned in the 
landfill TIUS practice ceased in May 1970 when offsite shpment of sludge as a low-level 
waste began (DOE 1992a) 

The landfill was also the site of asbestos and PCB disposal (DOE 1992a) In 1985, 
asbestos generated onsite was reportedly disposed m a designated 10-foot-deep pit (DOE 
1992a) The asbestos-conhung matenal was placed m heavy plastrc bags, disposed in 
the pit, and covered wth soil when the pit became Ml  Wammg signs were placed near 
the pit By December 1988, asbestos was disposed m several pits in specified areas near 
the center of the landfill Accordmg to landfill records, disposal of%sbestos contmued 
until at least Apnl 1990 (DOE 1992a) Dunng the OU 7 Phase I RFVRT, soil samples 
were collected at the estunated locations of these pits and analyzed for asbestos as 

descnbed m Appenhx C A trace (less than one percent) of chrysotrle asbestos was 
detected in surface soil samples from only these two locations at IHSS 1 14 In addition, 
matenals contaxrung small quantrties of PCBs were routmely disposed 111 the landfill 
(DOE 1992a) It is unknown when the disposal of PCBs 111 the landfill ceased Soil 
samples collected from IHSS 203 and analyzed for PCBs are descnbed m Section 4 3 

Incidents of non-routme &sposal of nonradioactive hazardous wastes have occurred, 
mcludmg the Qsposal of a mercaptan (odor addtrve to natural gas) tank and disposal and 
subsequent puncturing of a bag contammg tear gas powder (DOE 1992a) Contammated 
matenals associated wth cleanup of a 700-gallon fuel oil spill m January 1971 were also 
reportedly disposed m the landfill 

As of 1989, waste streams at the Rocky Flats site have been charactenzed under the 
WSRIC program, whch mcludes more detaded charactenzabon and analyt~cal testmg of 
the waste streams Under the WSRIC program, only nonhazardous solid waste is 
currently bemg placed m the landfill, includmg ofice trash, paper, rags, personal 
protectwe equpment, demolibon matenals, scrap metal, empty drums, cans and 
contalners, used filters, and vanous electncal components Table 4-4 summaflzes the 
waste streams, as charactenzed by WSRIC, that are currently bemg disposed at the 
landfill 

4 2 1 3 Factors Affecting Waste Degradation 

There are several factors af€ectmg the degradabon of landfill waste and its mpact as a 
potentral source of contammation These factors mclude age of waste, porosity, degree of 
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settlmg and compactron, moisture content, and amount of orgatllc matenal The age of 
the waste vanes across the site In general, the oldest waste is located near the western 
pornon of the landfill and younger wastes are located near the eastern portion as a result 
of expansion eastward However, durvlg the OU 7 Phase I RFVRI, waste was being 
placed near the central portion of the landfill on top of relatively older waste 

Typically, porosity associated wth landfill waste is estmated to be hgh (m the range of 
30 percent) due to the heterogeneous nature of the matenal and the uneven distnbubon 
and paclung common m landfilled waste (EPA 199 1 a) As the landfill waste undergoes 
natural settlmg over tune, the porosity usually decreases as the'matmal becomes 
compacted 

Waste matenal encountered dunng the OU 7 Phase I RFVRI was commonly moist 
However, perched zones wdun the landf3l were not observed The moisture content 
commonly associated wth waste at the tune of placement is approxmately 25 percent. 
Moisture content is one of many factors afFectmg waste decomposihon and gas 
produchon rates High moisture contents (1 e ,  m the range of 60 to 80 percent) favor 
maxunum methane producbon rates (Emcon Associates 1982) 

Wastes &sposed m the Rocky Flats landfill mclude pnmanly waste generated by 
mamtenance operatrons, construction debns, nonhazardous mdustnal wastes, and 
sludges Munrcipal landfills commonly contam a heterogeneous rmxfure of matenals 
pnmanly composed of household refuse such as yard and food wastes and paper, and 
commercial waste such as plastics, mert rmneral waste, glass, and metals (EPA 1991a) 
Consequently, the amount of biodegradable orgamc matenal m the landfill is probably 
smaller than the amount typically found m mmcipal solid waste landfills Waste 
cornpositron drectly affects both the rate of landfill gas generahon and total yield The 
lower the percentage of biodegradable matenals, the lower the gas generahon rate and 
total yield For moderately decomposable wastes m a typical landfill, the gas generahon 
rate peaks wthm six years afler irutial waste placement and declrnes steaddy afterwards 
@PA 1991a) D 

LandJill Gases 

Landfill gases are generated by mcrobial degradabon of orgamc waste The 
composition, quantity, and generabon rates of the gases depend on factors such as waste 
quanbty and composibon, waste placement charactensbcs, landfill hckness, moisture 
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content, and amount of oxygen present Carbon dioxide is the pmcipal gas generated 
dunng early stages of a landfill, as the waste undergoes aerobic mcrobial degradabon 
As oxygen is depleted, anaerobic microbial degradation produces methane and carbon 
dioxlde The composibon of landfill gas produced under anaerobic condbons is typically 
50 to 70 percent methane and 30 to 50 percent carbon dioxlde In addtion to the methane 
and carbon dioxlde generated by waste degradation, trace concentrabons of hydrogen 
sulfide, ammoma, and other VOCs may be present in landfill gases (EPA 1991a) 
dependmg on the trpes of wastes present 

The composibon and dlstnbubon of landfill-generated gases were evaluated on the basis 
of data obtamed dunng the methane survey Demls of the methane survey are dlscussed 
in Appendx C Measurements were made usmg field rnstnunents that prowde screemg 
level data (1  e ,  EPA Level 11) on total combushble gases, methane, non-methane orgaruc 
compounds (NMOCs), and carbon dioxlde Concentrations of NMOCs were deterrmned 
by subtractmg methane concentrations from the concentrabons of total combusbble 
gases As a result, concentrations of NMOCs may include m o r  amounts of morgaruc 
gases such as hydrogen sulfide Table 4-5 presents results of the methane survey Eight 
cross sections were constructed to illustrate the nature and extent of gases at the landfill 
dunng the OU 7 Phase I RFVRI Figure 4-4 presents the cross-section locabon map 
figures 4-5 through 4-12 present the cross sections The composibon of landfill gas at 
OU 7 is typically 45 to 70 percent methane and 20 to 40 percent carbon dioxlde 
mdicatmg anaerobic conditions Concentrations of methane and carbon dioxlde are 
hlghest in the eastern portion of the landfill where wastes are hckest and youngest 
(figures 4-5 and 4-6) In general, landfill-generated gases appear to be contamed wthm 
the exlstmg mtercept system as shown in figures 4-13 and 4-14 Concentrabons of 

methane and carbon dioxrde are low, as expected, in the vicmty of the gas-ventmg wells 
such as 44492 and 44692 (figures 4- 1 3 and 4- 14) 

In situ soil-gas samplmg was performed to charactenze VOCs in the unsaturated zone of 
the landfill Deals of the soil-gas sampling are discussed m Appendx C Halogenated 
VOCs detected at the landfill mclude 12-DCE, l,l,l-TCA, TCE, and methylene 
chlonde Non-halogenated VOCs detected include acetone, 2-butanone, toluene, xylenes, 
and hydrogen sulfide No distmct spatial patterns m VOC concentratlons were observed 
probably as a result of the extreme heterogeneity of the matenals disposed m the landfill 
Table 4-6 presents the results of the soil-gas samplmg at IHSS 1 14 
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The volume of landfill gas present w b  IHSS 114 was d e t e m e d  by calculatmg the 
volume of void space 111 unsaturated matenal wthm the landfill mass a s s m g  an 
estunated porosity of 30 percent (EPA 199 1 a) The volume of matenal compnsrng the 
unsaturated zone is appromately 320,171 cy based on the areal extent of the landfill and 
an estunated average unsaturated zone thtckness of approxlmately 11 feet The volume 
of landfill gas occupymg the pore space of unsaturated matenal is appromately 96,051 
cy However, the estmated volume is expected to vary temporally as a result of 
fluctuabons m the potenbometnc surface m response to precipitahon events 

Gas flow through landfill waste and soils occurs m response to pressure gmhents (I e ,  
advechve flow), concentrabon gmhents (1 e ,  diffusive flow), compachon and settlmg of 
wastes, batometnc pressure changes, and displacement due to potenbometnc surface 
fluctuabons Advechon of landfill gas IS typically the predommt transport mechamsm 
@PA 1991a) Off-gassrng pressures up to 0 44 pounds per square lnch were measured 
dunng the OU 7 Phase I RFVRI Gas pressures exceedmg appromately 0 05 pounds 
per square lnch mdicate an advecbve, pressure dnven system (Emcon Associates 1982) 

Soil gas samples were also collected at IHSS 203 dunng the OU 7 RFVRI mvestigation 
These samples were collected at approxlmately 5 feet below ground surface and analyzed 
for VOCs Appendx C dscusses soil gas samplmg at IHSS 203 Table 4-7 summanzes 
the analyhcal results Indimdual analyte concentrations vaned sigmficantly wthtn the 
samplmg area and distmct sources were not idenbfied that could be confidently 
rnterpreted as contammation associated wth spills or releases dururg waste storage 
actimties at IHSS 203 Total soil-gas concentration contours for NMOCs are shown in 

Figure 4-15 Measured concentrations were lughest in the northeast section of the 
samplmg area Because landfill Qwtes underlie IHSS 203, VOCs m soil gas m thts area 
are probably associated wth the landfill 

4 2 3  Leachate 

Leachate fiom landfills is a product of natural biodegradabon, mfiltrabon of precipitation, 
and mgration of groundwater through waste (EPA 1991a) This sechon discusses the 
volume and composibon of leachate at IHSS 114 Volume estmates are based on all 

relevant OU 7 Phase I RFVRI data The composition of leachate discussed rn thls section 
is based on the field screemg data (EPA Level 11) obtamed fiom the samples collected 
usmg the BAT@ system Chemical data (EPA Levels IV and V) charactenztng landfill 

~~~ ~ 
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leachate are discussed m Section 4 7  along wth comparable chemcal data for 
groundwater at OU 7 

Figure 4-16 presents an isopach map of saturated landfill waste The volume of leachate 
wthm the landfill is approxunately 5,756,000 gallons assurmng that the porosity of the 
saturated matenal is 30 percent However, the volume of leachate is expected to vary as 
the potentiornetnc surface fluctuates in response to mfiltration of precipitahon through 
the m t e m  soil cover 

As discussed m Appenmx C, leachate screemng samples were collected d w g  the OU 7 
Phase I RFYRI at specific depths v a h  saturated landfill matenal usmg the BAT@ 
system Headspaces of these samples were analyzed for methane, methylene chlonde, 
acetone, 2-butanone, 1,2-DCE, 1,1,1-TCA, TCE, xylene (para, meta, and ortho isomers), 
toluene, and hydrogen sulfide Equdibnum concentrabons of these analytes in the hqud 
phase ( re ,  leachate), presented m Table 4-8, were calculated usmg Henry's Law 
constants and the measured headspace concentrations 

Concentrabons of volable compounds wthm leachate vary sipficantly throughout the 
landfill Due to dry conditions and refusal of the BAT@ system d w g  sampling, 
mufficient data were obtamed to fully evaluate v e r t d  chemcal grachents wthm the 
leachate However, at locations where mulbple samples were obtamed, no consistent 
trends m chermcal grdents were observed In general, analyte concentrabons rn samples 
collected usmg the BAT@ system exceed the concentration of analytes m samples 
collected from momtonng wells by approxunately three orders of magmtude Thls 
difference is probably a result of the samplmg methodology The BAT@ system obtans a 
sample m s m  from a small dscrete interval The BAT@ sample is never exposed to an, 
and thus, no loss of volahle compounds can occur due to vaponzabon In contrast, 
leachate is sampled from morutonng wells using a baler that allows a contact with i r  to 
occur pnor to contamemahon of the sample 

Methane concentrations m leachate ranged from 0 003 to 31 4 mg/L (Table 4-8) and 
typically approached the solubility limt of 35 mg/L at 17°C (Merck Index 1989) 
Concentrabons at OU 7 were also consistent wth methane concentrabons of 25 mgL 
observed at other landfills (Beadecker and Back 1979) 
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The followmg sections descnbe the envlronmental media in the vicmty of the landfill 
and the nature and extent of contammation that have resuIted fiom promity to 
contarmnant sources wthm OU 7 

4.3 Surface Soils and Vadose Zone 

Thls section descnbes the nature and extent of contammation m surface soils at OU 7 and 
identifies the PCOCs for soils usmg data collected d w g  the Phase I RFI/RI Analflcal 
results for surface soil samples collected dunng the Phase I RFVRI were used m h s  

analysis Sample collechon methods, samplmg locahons, and analybcal sultes are 
descnbed m Appendlx C Surface soil data were aggregated by area (East Landfill Pond, 
IHSS 203, and IHSS 114) and depth (0 to 2 mches and 0 to 10 mches) as descnbed in 
Secbon 4 1 1 Surface soil data fiom the 0- to 2-inch honzon w i h n  each subset were 
mdependently compared to background soil data from OU 1 and OU 2 Smlarly, the 0- 
to 10-mch surface soil data from IHSS 203 and the East Landfill Pond area were 
mdependently compared to background soil data Inferenbal stabstical analyses 
discussed m Section 4 1 2 were used to determme whch analytes m OU 7 surface soils 
were detected at concentrations that exceeded background Spabal trends m analyte 
concentration and samples exceedmg the UTLWm concentrabon are also descnbed Box 
plots and hstograms were generated for all analytes with at least 50 percent detects Box 
plots are presented m Appendix K Histograms are presented m Appendlx L Summary 
stabstics and statistical test results for inferential analyses and for the hot-measurement 
test for OU 7 sucface soils are presented in Appendix M 

4 3 I Inactive Hazardous Waste Storage Area (IHSS 203) 

Surface soil samples collected at IHSS 203 were analyzed for PCBs, metals, and 
ra&onuclides, samples were not analyzed for VOCs or SVOCs PCOCs identdied 111 

surface sod at IHSS 203 mclude PCBs, metals, and donuclides (Table 4-9) Calcium 
and copper mncenWons were elevated m both the 0- to 2-mch and the 0- to 1 0-mch soil 
h o m n s  The distnbution of calcium in surface soils is shown m Figure 4-17 The 
distnbubon of copper m surface soils is shown in Figure 4-18 The hghest copper 
concentrabons were associated with a dark brown, very gravelly loam covenng the 
northern porbon of the IHSS 203 sample gnd (Figure 4-1 8) Radium-226 actwbes m the 
0- to 2-mch honzon at IHSS 203 were elevated relabve to background acbmbes 
However, a relationshp between soil locabon and rachn-226 actwty could not be 
discerned fiom the avadable data. 
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Results of a hot-measurement test, performed to idenbfl soil samples wth analyte 
concentrabons exceedmg background UTLwM concentrations, are presented 111 Table 4- 
10 The followmg metals were detected at concentrations that exceeded the UTLw,, 
concentrabon at one or more locations calcium, copper, sodium, cobalt, and vanadium 
Only calcium concentrabons displayed a spatial correlation (Figure 4- 17) Samples 
exceedmg the UTL99m define an area of hgh calcium concentration along the northeast 
portion of the sample gnd 

One m u m - 2 3 5  and four amencium-241 acbvibes exceeded the Urnwm value The 
soil sample exceedmg the UTLwm for 1.rarmm-235 was collected along the eastern edge 
of the IHSS 203 sample gnd, whereas the four soil samples exceedmg the for 
amencium-241 were located along the southwestern boundary of the sample gnd (Figure 
4-19) The ~.ua~uum-235 activity was 1 4 tunes the m m u m  background acbvity The 
amencium-241 activibes ranged fiom 1 5 to 8 5 tunes the maxl~lllun reported background 
acbvihes 

Two PCBs, aroclor-1254 and aroclor-1260, were detected m 14 of 67 and 13 of 67 soil 
samples, respecbvely All but one of the results for the analysis of PCBs in soil from 
IHSS 203 were J qualified, denotlng estunated PCB concentrabons below the detecbon 
l m t  of 230 pgkg Surface soil samples wth detectable PCB concentrabons are not 
spabally correlated, and of the 27 PCB detecbons, only three were m samples collected 
fiom the 0- to IO-mch honzon These results mdicate that PCBs are probably present at 
low concentrabons throughout IHSS 203 surface soils 

4 3 2 Present Land811 (IHSS I1  4) 

Surface soil samples collected at IHSS 114 were analyzed for SVOCs, metals, and 
radionuclides, samples were not analyzed for VOCs Surface soil at IHSS 114 consists of 
mtenm soil cover matenal, not native soil Calcium was the only analyte idenbfied by 
the mfknt~al  stat~sbcal tests as hamg elevated concentn&ons relabve to background 
(Table 4-1 1) In addihon, soils fiom an area m the northeast comer of the sample gnd 
contamed calcium concentrabons that exceeded the UTLwM concenmon (Figure 4-20) 

Two surface soil samples at IHSS 1 14 contamed copper concentraaons exceedmg the 
UTLwm value These two concentrations were 2 0 and 3 7 tunes the m m u m  
background copper concentrabon and were not spabally correlated Gross beta and 
stronbum-89,90 activities exceeded the UTLWlw value m one sample each The gross 
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beta and stronbum-89,90 activities were 1 3 and 2 9 tunes the maxllllum background 
acbvity and occurred at two separate locations near the center of the IHSS 114 sample 
gnd All UTLwm exceedances in IHSS 1 14 soil samples are listed m Table 4- 12 

Twenty-one SVOCs were detected in surface soil samples fkom IHSS 1 14 (Table 4-1 1) 
Eight of those SVOCs were detected m mcre than 50 percent of the samples These data 
mdicate that surface soils at IHSS 114 contam low levels of some SVOCs These 
contammants may be associated wth the mtenm soil cover matenal itself, or they may be 
mtroduced to the soil by leaks or emssions from construcbon equpment and vehcles 
used wthm IHSS 114 

4 3 3 East Landfirr Pond Area 

Surface soil samples collected adjacent to the East Landfill Pond were analyzed for 
metals and r&onuchdes, samples were not analyzed for VOCs or SVOCs Stabsbcal 
tests idenbfied only three PCOCs m soil fiom the East Landiill Pond area calcium, 
stronbum, and rad~um-226 (Table 4-1 3) Calcium concentrabons m both the 0- to 2-mch 
and the 0- to 10-mch surface soil honzons were elevated relabve to sitewde background 
concentrabons Strontium concentrations and radium-226 actiwties were elevated 
relabve to background only m the 0- to 2-inch soil honzon 

The hot-measurement test resulted in a list of 12 analytes present at concentrations m soil 
that exceeded the UTLwm values for background (Table 4-14) Concentrabons of the 
followmg metals exceeded thelr respective UTLwm concentrabon arsemc, banum, 
calcium, lead, magnesium, selemum, sodium, vanadium, and m c  Higher concentrations 
(exceedances) of these metals were not spatially correlated except for calcium Calcium 
concentratlons m soil exceeded the ',TTLwm concentration in both the 0- to 2-inch and the 
0- to 10-mch honzons m the area covered by the northwest comer of the sampllng gnd 
Thls area of elevated calcium concentrations is in the vicuuty of a seep may be associated 
with a leak m the northem porhon of the groundwater mtercept system The calcium 
ennchment at h s  locabon could be the result of evaporabon of seep water (Figure 4-21) 
However, hgh concentrations of other major ions, such as magnesium and solum, that 
would also be present m seep water and be concentrated m these soils were not present 

Ten s- sod samples from the 0- to 2-mch honzon had mtratdmtnte concentrabons 
that exceeded the UTLWrn (Figure 4-23) Two of these samples were collected from the 
spray area m IHSS 167 3 on the southern edge of the pond Four of the samples were 
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collected from the slope east of the pond embankment Concentration isopleth maps 
display areas where the concentrations of lead, vanadium, and selemum and are greater 
than the (figures 4-22,4-24, and 4-25) 

Four surface soil samples at the East Landfill Pond had amencium-241 achvihes that 
exceeded the UTLWm These samples were collected along the southern edge of the 
pond and along the southern surface water diversion ditch below the dam (Figure 4-26) 
The actiwties ranged from 1 5 to 26 6 tunes the m m u m  background concentrahon All 
but one of the samples wth an amencium-241 actmty greater than the UTI.,,,, value 
were from the 0- to 2-mch honzon The sample from the 0- to 10-mch honzon was 
collected downslope of the pomt of discharge from the southern groundwater mtercept 
system Thls was the only sample fiom the 0- to 1 0-inch soil h o m n  wth a radionuclide 
achwty that exceeded the UTLWm 

Radmn-226 achwhes exceeded the at SIX soil sample locabom m the 0- to 2- 
mch soil h o m n  (Figure 4-27) Three of the samples were located m the center of the 
spray evaporahon area along the northern edge of the pond The other three samples 
were located along the slope mediately east of the landfill pond dam The maxmum 
radium-226 activity was 1 6 tmes the maximum background value, 

4.4 Subsurface Geologic Matenals 

Thls secbon descnbes the nature and extent of contammhon m subsurface geologic 
matenals at OU 7 and presents the PCOCs identified by site-to-background compansons 
Dnllmg methods, borehole locations, sample collection methods, and analytical suites are 

descnbed m Appendm C Data fiom 
subsurface geologic matenals were aggregated by locahon (upgradient and 
d o w m e n t )  and by geologic wt as descnbed in Section 4 1 1 to make compansons 
wth the background data. Inferential statistical analyses descnbed m Sechon 4 1 2 were 
used to d e t e r n e  whch analytes were detected in subsurface geologic matenals at 
concentrahons that exceeded background concentrahons 

Borehole logs are presented m Appen&x E 

Chemcal data for subsdace geologic matends obtamed dunng the Phase I RFVRI at 

OU 7 were used m thls analysis Statistical compansons were made usmg data fiom 

borehole samples collected both upgradient and downgradient of the Present Landfill 
The two upgrdent boreholes, 70493 and 70593, are immediately adjacent to one another 
and located appromately 200 feet upgradient of IHSS 203 Downgradient borehole 
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70993 is located appromately 50 feet directly downslope of the north groundwater 
mtercept system discharge point, and downgradient borehole 71093 is located 
approxlmately 50 feet downslope of the south groundwater mtercept system discharge 
pomt 

Stabstical test results for subsurface geologic matenals are presented m Appendix M 
Box plots and hstograms were generated for all analytes h m g  greater than 50 percent 
detectable concentrabons and are presented in Appendces K and L, respectively The 
PCOCs for subsurface geologic matenals fiom OU 7 are presented m tables 4-15 and 4- 
16 \ 

4 4 1 SurJcial Geologic Deposits 

Surficial geologic deposits at the borehole locabons u p w e n t  of OU 7 consist entuely 
of Rocky Flats Alluvlum, whereas surficial deposits at the boreholes downgradient of OU 
7 consist of colluvium Stabstical analysis of chemcal data for surficial deposits 
upgmhent of OU 7 did not idenbfy any metals wth elevated concentrabons relahve to 
sitewde background However, seven ra&onuclides (amencium-24 1, cesium- 137, gross 
beta, radium-226, rdum-228, mum-235,  and urmum-238) have elevated activities in 
upgr&ent borehole samples relabve to actrvlties m background sdicial deposits In 
addt~on, cesium-137 and rad~um-228 acbvities and lead and chromum concentrations 
exceed the UTLwm values of background data 

At downgradient borehole 70993, alurmnum and manganese concentrabons and cesium- 
137 and ~.~ran~urn-238 acbvlbes are hlgher in the surficial geologc deposits than in 
deposits fiom background locahons However, no analyte concentrabons or activities 
exceeded the UTLwm m samples fiom thts borehole At down@ent borehole 71 093, 
surficial deposits contamed elevated concentrabons of alummum, banum, lead, 
stronbum, and m c  and elevated tnt~um acbvity relabve to background data Tnbm was 
idenbfid as a PCOC m water Qscharged from the south groundwater mtercept system 
discharge (Secbon 4 6) Cesium-137 acbmbes and banum and mtrate/nitnte 
concentrabons exceeded the 

- _  - 

values III surficial matenal at borehole 7 1093 

Toluene was detected m 100 percent of surficial deposit samples collected fiom both the 
upgradient and downgradient boreholes No other orgmc parameters were consistently 
identified at concentrabons above the detection limt in borehole samples h m  these 
locahons At borehole 70993, ten orgamc compounds other than toluene were detected 

~ ~~ ~ 

175220\section4 doc 4-19 Draft4Il5rM 



OU 7 Revised Work Plan Section 4 

These detections were not co-located, and eight of the ten results were J qualified 
mdicatmg that the results are estunated concentrations below the detechon l m t  A list of 

VOCs and SVOCs detected in geologic matenals at OU 7 is presented m Table 4-1 5 

4 4 2 Bedrock Geologic Materials 

Bedrock geologic matenals consist of weathered Arapahoe and Larame Formahon 
claystone Stahshcal tests mhcated that bmum, calcium, lead, and stronbum 
concentrabons and xadwm-226 acbvities were elevated relabve to background 
concentrabons m bedrock matenal u p w e n t  of OU 7 Concentrahons of stronbum m 
the u p w e n t  bedrock matenal exceeded the W T L W M  concentrahon m all sample 
intervals Calcium and m c  concentrahons m upgrahent bedrock matenal exceeded the 
UTLWm value once and Mce, respechvely 

Bedrock geologic matenals from downgradient borehole 70993 have elevated calcium, 
cobalt, copper, lead, mckel, selemum, sodium, strontium, and m c  concentrabons and 
radlum-226 actiwties relative to background bedrock matenals At downgmhent 
borehole 71093, bedrock matenals have elevated banum, calcium, cobalt, lead, 
manganese, mckel, selemum, sodium, stronhum, and m c  concentrahons and rahum-226 
and stronhum-89,90 actiwties relatwe to background bedrock matenals 

Stronhum concentrabons exceeded the UTLWM value in bedrock samples from both 
downgradient boreholes as m samples from the upgmhent boreholes The apparently 
hgh strontium concentrations in bedrock m the vicmty of OU 7 may be due to 
differences in the types of geologic matenals present at OU 7 compared to those used to 
calculate background UTLWm concentrations Other analytes that exceeded the UTI,,/, 
values m bedrock matenals from downgradient boreholes mcluded arsemc, banum, 
calcium, cobalt, lead, manganese, and m c  These values that exceeded UTL 
concentrahons did not occur consistently in the same samples or m samples from the 
same depth mterval 

4 5  Sediments 

This section discusses the nature and extent of contarmnation m the East Landfill Pond 
sedunents The stabshcal methodology descnbed m Section 4 1 2 was used to idenbfy 
PCOCs by determmng whch inorgmc analytes, metals, and radionuclides are present at 
hgher concentrahons in pond sediments than m sedunents from background locations 
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Orgmc compounds detected m pond sedment samples were also identified as PCOCs 
The followmg descnpbon of the pond sedments is based on data fiom samples collected 
and analyzed dunng the OU 7 Phase I RFI/RI 

Samples of pond sedment were collected fiom three samplmg locabons at the East 
Landfll Pond (Figure C-3 [Appendix C]) Samplmg locabons were chosen to assess the 
mpact of nearby pomt sources of conkmunabon (leachate seep, north groundwater 
mtercept outfall, and south groundwater mtercept system outfall) Sample locabon 
SED70093 is located near the landill leachate seep, SED70193 is located near the south 
groundwater intercept system Qscharge outfall pomt, and SED70293 is located 
appromately 100 feet northeast of the north groundwater mtercept system Qscharge 
outfall, near the pond embankment The pond also receives runoff contamng s e b e n t  
from adjacent slopes Sedunent denved fiom slope runoff may be a large component of 
the sedment now present along the edges of the pond Sedunent samples collected fiom 
stabons SED701 93 and SED70293 were analyzed for VOCs, SVOCs, donuchdes, 
metals, and morgmcs Sedment samples collected fkom SED70093 were analyzed for 
Appendur IX SVOCs and VOCs, radionuclides, metals, and morgmcs Samplmg and 
analyhcal methods are descnbed m Appendix C 

Only three VOCs were detected rn pond &ent samples (Table 4-17) toluene was 
detected at all three locat~ons, acetone was detected at SED70193 and SED70293, and 2- 
butanone was detected at SED70093 The following SVOCs were detected m the East 
Landfill Pond sedments Acenaphthene, anthracene, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(&)perylene, benzo(k)fluoranthene, 
chrysene, fluoranthene, fluorene, mdeno( 1,2,3-cd)pyrene, phenanthrene, pyrene, benzoic 
acid, bis(2-~hloroisopropyl)ether, md bis(2-ethylhexy1)phthalat.e With the exceptron of 
fluoranthene, the reported concentrations of all of these compounds were qualified wth a 
J to mQcate that these are estlmated concentrations below the detecbon llrmt Table 4- 17 
lists the SVOCs detected m the pond sediment samples 

The greatest number of SVOCs was detected m sedment fhm SED70093, the locabon 
closest to the leachate seep In the sediment sample fiom SED70293, located near the 
north groundwater mtercept system discharge pomt, five SVOCs were detected Benzoic 
acid was the only compound detected m sedunent fkom all three locations and the only 
orgmc compound detected at SED70193, located near the south groundwater mtercept 
system discharge pomt Landfill leachate &scharges to the pond along its western edge 
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and is the most ldcely source of SVOCs to sedunents m the pond 
leachate seep water (Sechon 4 6) and in leachate w h  the landfill (Section 4 7) 

SVOCs occur in 

Statistical tests mdicated that concentrations of the followmg metals and morgmc 
compounds were elevated in pond sedunents relative to background concentrahons 
alurmnum, arsemc, banum, beryllium, calcium, chromium, copper, ron, lead, 
magnesium, mckel, potassium, selemum, strontium, vanadium, and zlnc However, none 
of these analytes was present at concentrations that exceed background UTL99m values 

Cesium-137 was the only radionuclide wth elevated activihes m sedunents relatwe to 
background actmbes None of the radionuclide activities measured fiom pond sedunents 
exceeded UTLWm values The sample collected from SED70093, closest to the leachate 
seep, had the hghest cesium-137 activity and the hghest actmhes of amencium-241, 
plutomum-239,240, gross beta, strontium-89,90, uraruum-233,234, and urmum-238 

The results of the stahstmil analyses are presented m Appenduc M, and the PCOCs for 
metal and morgmc parameters, based on results of the stahstical derence tests, are 
listed m Table 4- 18 

These results suggest that the leachate seep may be a source of radionuclides, VOCs, and 
SVOCs to sedunents m the pond Some of the PCOCs idenhfied for the pond sedunents 
were not idenhfied as PCOCs m water from the leachate seep or fiom the pond (cesium- 
137, beryllium, chromum, copper, lead, seleruum, and vanadium) The sample fiom 
SED70193 had the hghest concentrations of the three sedunent samples for all of these 
analytes except cesium-137 The SED70193 is located closest to the edge of the pond 
These results suggest that sedunents transported to the pond ma runoff may be the source 
of some metals 

4 6  Surface Water 

Thls secbon &scupes the extent and magnitude of surface water contatrunahon at OU 7 
and identifies PCOCs in surface water based on cornpansons of surface water data from 
the site to background surface water data The statistical analysis procedures descnbed in 
Sechon 4 1 2 were used to identify PCOCs Statistical cornpansons of site to background 
data were based on the data aggregations shown m Table 4-1 Chemcal data fiom 
leachate seep water (SW097) were statistically compared to sitewde background seep 
data. Chemcal data from the East Landfill Pond (SW098) and the two groundwater 

~~~ ~ 
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4 6 1  

mtercept system discharge pomts (SW099 and SWlOO) were each mdependently 
compared to sitewde background surface water data for PCOC idenhficahon All 
chemcal data were also compared to the UTLWrn concentrahon for each analyte Any 
analyte e x c e h g  the Urnwrn concentrahon was also identified as a PCOC The results 
of all stabsbcal tests for OU 7 surface water are given m Appendrx M 

Surface water data used for the stabstical evaluahons mcluded data collected quarterly 
fiom 1990 through 1993 and data obtamed dunng the Phase I RFI/RI at OU 7 Data 
collected smce 1990 were considered fully usable because they represent the first full 
year of data collectron following the implementabon of samplmg and data quality 
gudelmes m the GRRASP (EG&G 1991g) and task-specific standard operatmg 
procedures (SOPS) (EG&G 1991g) Analytes measured m surfw water are given in 
Appendrx C 

Leachate Seep (SW097) 

Stabst~cal analysis of surface water data from the leachate seep (SW097) identified 12 
total and 11 drssolved metals as PCOCs Three total and three dissolved donuclides 
and mtnte were also idenhfied as PCOCs Radionuclides identified as PCOCs based on 
the results of the mferenhal statistics included total and d~ssolved gross beta and 
strontium-89,90 and total tntium In addition, the 1~ra1uum-235 achvity of one sample 
exceeded the UTLWM value 

Nlneteen VOCs were detected m the seep water at SW097 Benzene, toluene, 
ethylbenzene, and xylenes (BTEX) were frequently detected ln SW097 surface water 
wth detechon frequencies rangmg from 58 percent to 100 percent Ethylbenzene, 
toluene, and total xylenes were the most commonly detected BTEX compounds The 
most common chlonnated hydrocarbons detected 111 the seep water were 1.1- 
drchloroethme (1,l-DCA) (90 percent), chloroethene (79 percent), TCA (58 percent), and 
1,Z-DCE (53 percent) Detecbon fiequencies for SVOCs m leachate seep water ranged 
fiom 25 to 100 percent These data mdicate that seep water emanatmg fiom the h r l t  of 

the landfill has been contammated by VOCs and SVOCs Chemcal data for groundwater 
w i h  the landfill &splayed slrmlar analytes at elevated concentrabons (BTEX, SVOCs. 
rutnte, and tntium) as seep water (Section 4 7) The PCOC list for seep water is given in 

Table 4- 19 
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4 6 2 East Landfill Pond (SW098) 

The inferential statisbcal tests identified 1 1 total and 14 dissolved metals as PCOCs at 
station SW098 (East Landfill Pond) Seven total and four dissolved radionuclides were 
elevated relative to background surface water data. Total and dissolved strontium-89,90 
and tntium activities were elevated in pond water relative to background, as m seep 
water Umum-235, urmum-238, amencium-241, gross alpha, and gross beta acbvibes 
were also elevated m pond water relatwe to the background data In addibon, the activity 
of one amencium-241 sample from SW098 exceeded the UTI,,, value 

Two VOCs were detected m East Landfill Pond waters Acetone and my1  acetate were 
each detected m one of twenty and in one of runeteen samples, respecbvely Two SVOCs 
were each detected m one of seven samples These mfrequent and non-repeatable 
occurrences of VOCs and SVOCs mdicate that the quality of water m the East Landfill 
Pond is not adversely affected by orgamc compounds Although data from the leachate 
seep mdicate that VOCs and SVOCs may be mtroduced to the pond, volablizabon, 
photolysis, and other degradabon processes may effectively remove VOCs fiom the pond 
water Table 4-20 lists PCOCs idenbfied at surface water stabon SW098 

\ 

4 6 3 Northern Groundwater-Intercept System Discharge Point (SW099) 

Stabstical analysis of chemcal data from samples collected at station SW099 identified 
eight total and eight drssolved metals and four total and two dissolved radionuclides as 
PCOCs Total urmum-235, urmum-238, gross alpha, and amencium-241 actmties and 
dissolved stronbum-89,90 and m u m - 2 3 8  acbvities were elevated relative to 
background Thls list of radionuclides is simlar to the list generated for water from the 
East Landfill Pond except that it does not mclude tntium 

Three drssolved metals (calcium, lead, and sodium) were present at concentrations 
exceedmg the UTLWm value The remamng five dissolved metals were barrum, 
cadrmum, hhum, magnesium, and strontium 

The PCOC list for SW099 (northern groundwater-mtercept drscharge pomt) is given in 
Table 4-20 and mcludes six VOCs and one SVOC detected Table 4-21 also shows that 
VOCs and SVOCs were mfrequently detected in drscharge fiom the north groundwater 
mtercept system The low frequency of detection and relabvely low repeatability of these 
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data mdicate the VOC and SVOC contammahon is not sigruficant m surface water at 
SW099 

4 6 4 Southern Groundwater-Intercept Discharge System Point (SWI 00) 

The mferential statistical tests identified eight total and eleven dissolved metals as 
PCOCs at surface water station SWlOO Three total and three dissolved radionuclides 
were also idenbfied as PCOCs based upon the results of the inferential statistics 
Wonuchdes identdied as PCOCs d u d e  total and dissolved americium-241 and gross 
beta, tnbum, and hssolved uranium-238 \ 

Six VOCs were detected at SWlOO Three BTEX compounds (ethylbenzene, toluene, 
and total xylenes) and three chlonnated hydrocarbons (l,l-DCA, chloroethane, 
methylene chlonde) were each detected once m the seven sample data set No SVOCs 
were detected m water from stabon SWlOO The lnfiequent detechon of VOCs and 
absence of SVOCs at SWlOO mdlcate that orgmc contamrnatron at SWlOO is not 
sigmficant However, because volablization or degradation (1 e ,  photolysis) processes 
may effecbvely remove VOCs from water at SW100, the presence or absence of VOCs m 
water w b  the southern groundwater intercept system has not been detemned Table 
4-22 presents PCOCs idenbfied at surface water statron SWlOO 

4.7 Groundwater 

Thls section discusses the nature and extent of groundwater contammahon at OU 7 and 
idenbfies PCOCs based on site-to-background compansons of chemcal data The 
stabsbcal analysis procedure descnbed m Section 4 1 2 was used to identify PCOCs by 
deternurung whch metals, radionLlclides, and water-quality parameters are present at 
hgher concentrabons m groundwater at OU 7 than m groundwater h m  background 
locatrons Stabsbcal analysis and PCOC identification were wormed  separately for 
wells screened m the UHSU and LHSU In addibon, spabal trends m analyte 
concentrabon and mhvidual samples exceedmg the background concentrabon 
were identified wthm each hydrostratigraphlc wt 

Data fiom all wells mcluded m the OU 7 momtonng network were used to descnbe 
extent and magmtude of groundwater contamnabon at OU 7 The groundwater 
momtonng network at OU 7 includes 40 wells screened m the UHSU and 7 wells 
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4 7 1  

screened in the LHSU 
hstoncal analflcal data fiom momtonng wells are given in Appendm N 

Well construction diagrams are given m Appendix F, and 

Groundwater chemcal data collected from 1990 through 1993 were used to descnbe 
groundwater contammation at OU 7 Included m h s  data set are data collected d m g  
the Phase I WIN and data obtamed smce 1990 as part of the quarterly groundwater 
momtonng program at OU 7 Data collected smce 1990 were considered fully usable 
because they represent the first full year of data collecbon followmg mplementabon of 
samplmg and data quality gudelmes m the GRRASP (EG&G 1991g) and task-specific 
SOPS (EG&G 1992c) 1 

Comparisons of site-to-background data were made to idenbfy PCOCs m groundwater 
based on the data aggregation scheme shown m Table 4-1 Background values for 
groundwater chemcal data were obtamed from the Background Geochemcal 
Charactembon Report (EG&G 1993a) Data fiom all wells m the UHSU and LHSU at 
OU 7 were compared to thew respectwe sitewde background hydrostrabgraphc umt 

(HSU) data The PCOCs m the UHSU were idenbfied usmg all UHSU data. PCOCs m 
the LHSU were identified using downgradient LHSU wells 

To assist m descnbmg contarmnants present in leachate (water m contact wth landfilled 
wastes), data from wells screened wthm the landfill were also compared to sitewde 
background data fiom UHSU groundwater Data from u p w e n t  LHSU wells were also 

separately compared to LHSU background data to assist m evaluatmg the nature and 
extent of LHSU groundwater contammabon 

PCOCs for Metals, Radionucltdes, and Water-Quality Parameters 

Statlsbcal compmson of UHSU and LHSU groundwater concentrabon data for metals, 
radionuclides, and water-quality parameters to sitewde background data deterrmned that 
the concentrabons of the analytes shown in tables 4-23 and 4-24 were elevated m 
groundwater relative to background concentrabons The results of stabsbcal tests for the 
data aggregabons shown m Table 4- 1 are given in Appendlx M 

Usmg total analyte concentrations, 28 analytes were idenbfied as PCOCs m the UHSU 
groundwater compared to 15 analytes m LHSU groundwater The PCOC list developed 
usmg total analyte concentrations for the UHSU consisted of 24 metals and 3 
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radionuclides compared to 14 metals for the LHSU Nitratehtnte was also identified as 
a PCOC m UHSU groundwater 

Usmg dlssolved concentrations, 16 analytes were idenbfied as PCOCs in the UHSU 
groundwater compared to 23 analytes m the LHSU groundwater The Qssolved 
concentrabon PCOC list for the UHSU consisted of 13 metals and 3 radionuclides 
compared to 20 metals and three donuclides for the LHSU 

4 7 2 Analysis of Organic Compound Distribution in Groundwater 

Conkmunabon of UHSU and LHSU groundwater by orgamc comP0;ldds was evaluated 
by determmng whch orgmc analytes have been detected m groundwater from OU 7,  
detennmng detecbon frequencies for these analytes, analymg spabal trends m average 
"total" VOC concentrabons, and attemptmg to correlate total VOC concentrabons wth 
concentrabons of other parameters inhcative of landfill-generated contammbon Thls 
approach was necessary because mdividual VOCs were detected mfkquently at any one 
locabon and thelr spabal dlstnbution could not be evaluated 

Total VOC concentrabons were estrmatcd by summmg the concentrabons of the most 
frequently detected volatile orgamc parameters at OU 7 Volatde orgamc parameters 
detected at least 5 percent of the tune were used to estimate the total VOC concentnibon 
m the UHSU In the LHSU, all detected VOCs were used to calculate total VOC 
concentrabons Total VOC concentrations were calculated quarterly fiom 1990 to 1993 
for each well, and these data were used to calculate an average total-VOC concentrabon 
Average total-VOC concentrations represent the average concentrahon using samplmg 
penods dunng whch VOCs were detected at a well These data were used to analyze the 
spatial distnbubon of VOC concentrations withm groundwater and should not be 
mterpretd as unbiased estunates of the true average concentrabon at each well Average 
total-VOC concentrabons were utilized to mimmize vanable data avmlability caused by 
water-level fluctuabons and dry wells, sampling techques, data rejecbon d m g  the 
validabon process, and vanable sample recovery throughout the momtonng network for 
any given momtonng event These data provide a conservabve estunate of the spahal 
extent and relabve levels of VOC contamination wthm groundwater The data do not 
provide an unbiased estlmate of true average total-VOC concxntrabons for the perrod of 
analysis However, given tile mtmsic and extnnsic factors affectmg VOC concentrabons 
dunng any given samplmg event, average total-VOC concentrabons prowde a useful 
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eshmate of VOC concentrations wtlm groundwater for the purpose of ex-g the 
spabal extent of contammation 

Total-VOC concentrabons were subdivided into average chlonnated hydrocarbon and 
average BTEX concentrabons These data were mapped separately m the UHSU 
Average total concentrabons of SVOCs detected m more than 5 percent of samples were 
also mapped The spatral correlation of total VOC and landfill mdicator-parameter 
concentrabons was also mvestigated Table 4-25 displays the frequency of detecbons of 
all orgamc parameters for both the UHSU and LHSU at OU 7 The orgamc parameters 
listed m Table 4-25 represent the PCOCs for orgmc compounds m grdundwater at OU 7 
The stabsbcs used to generate all total VOC maps are given m Appendx M 

4 7 3 Nature and Extent of UHSU Groundwater Contamination 

Tables 4-23 and 4-25 list PCOCs for UHSU groundwater at OU 7 Groundwater 
concentrabon data from all UHSU wells and from UHSU wells screened wthm the 
landfill were compared to sitewde background UHSU data Two PCOC lists were 
developed fiom these analyses Compmson of chemcal data (total concentrabons) from 
UHSU wells wthm the landfill to sitewde background UHSU data resulted in 23 metals 
and 3 r&onuclides bemg idenhfied as PCOCs compared to 24 metals and 1 radionuclide 
idenbfied compmg all UHSU wells wthm OU 7 to sitewde background data Table 
4-26 presents the results of UHSU statistical compansons 

Some notable dfferences exlst between the analytes idenbfied as PCOCs usmg only data 
fkom landfill wells compared to usmg all OU 7 UHSU data. Nitrate/mtrate is identified 
as a PCOC usmg all OU 7 UHSU data but not when usmg data fkom landfill wells alone 
Thls may mdxate a source of xutratehtnte outside the landfill or may be the result of a 
more lmted set of mtratehtnte data from wells wthm the landfill However, rutnte IS 

elevated for background concentrations w&un the landfill, and the Gehan test (0 07) 
mdcated that xutnte may also be elevated sitewde for background data. Elevated mtnte 
in landfill leachate relative to other UHSU groundwater may be mhcabve of more 
reducmg con&bons wthn the landfill 

Other analytes not idenbfied as PCOCs in landfill leachate that were idenbfied as PCOCs 
usmg all OU 7 UHSU data mclude total antimony and selemum, total stront1um-89,90, 
and chssolved copper and strontium Total amencium-241 and rad~um-226 actrvities 
were elevated wth respect to background usmg all OU 7 UHSU data and data from the 
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landfill wells alone Tntium was identified as elevated for background m landfill 
leachate but not in all OU 7 UHSU groundwater Thls findmg is consistent wth the 
documented disposal of tntium-contammated waste in the landfill (Rockwell 
Internabonal1987c) 

Groundwater concentrabon data fiom UHSd wells downgradient of the landfill were also 
compared to sitewde background UHSU data Tlus compmson resulted m m e  metals 
and two radionuclides (total concentrabons) bemg idenbfied as PCOCs compared to 24 
metals and 3 mhonuclides usmg all OU 7 UHSU data. Dissolved concentrations of 12 
metals and 5 mhonuclides were idenbfied as PCOCs usmg downgkdient UHSU data 
compared to 13 metals and 2 rahonuchdes usmg all OU 7 UHSU data 

Different analytes appear on the downgmhent PCOC list than on the PCOC list 
generated usmg all OU 7 UHSU data. Uranlum-235 and uraruum-238 (both total and 
dissolved) are idenbfied as PCOCs m downgradient UHSU groundwater These 
radionuclides were not identified as PCOCs when all OU 7 USHU data or data from 
UHSU wells located w h  the landfill were compared to sitewde background data 

Dissolved gross alpha and dssolved gross beta were also identified as PCOCs in 
downgmhent UHSU groundwater Dissolved gross beta was also idenbfied as a PCOC 
usmg both OU 7-wde data and data fiom landfill wells Dissolved gross alpha was not 
idenbfied as a PCOC m either of the other compansons These data may mdicate that a 
source of uratllum-235 and uranrum-238 exrsts outside of the landfill or that these 
analytes are elevated at downgmhent wells as the result of hscharges from the 
groundwater mtercept system 

4 7 3 1 Isoconcentrabon Maps 

Isoconcentrabon maps generated usmg average concentrabons were used to analyze the 
nature and extent of groundwater contarmnabon m the UHSU at OU 7 and to mvestigate 
possible contarmnant sources and transport pathways Average concentrabons were 
d e t e m e d  fiom quarterly groundwater momtonng data collected fiom 1990 through 

1993 Quarterly data were averaged to fllllltflllze the mfluence of seasodty and natural 
vanability m mtra-well concentrabons Analytes were selected for mappmg based on 
the= frequency of occurrence, contarmnanf transport charactenshcs, and associabon wth 

specific waste types Average concentrahon contour maps for the UHSU were 
constructed for morgamc mdxator parameters (TDS and mtrate/rutnte), orgaruc 
parameters (total VOCs, total chlomted hydrocarbons, BTEX, and total SVOCs), and 
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radionuclides (dissolved and total uran~um-235 and ~~raruum-238, Qssolved radium-226, 
and total americium-24 1) 

Indicator Parameters 

The hghest average TDS concentrahons occurred in leachate and m groundwater 
downgradient of the landfill (Figure 4-28) The hghest average TDS concentration m 
landfill leachate (2,211 mg/L) was from well 72293 wthm the central portion of the 
landfill The hghest average TDS concentration m UHSU groundwater (5,100 mg/L) 
occurred at downgradient well B206989 located near the bscharge of the northern 
groundwater mtercept system Other wells downgradient of the landfill located near the 
groundwater mtercept system discharge pomts (B206889, B207089, and 4087) also had 
average TDS concentrahons greater than 1,000 m@ Discharges h m  the groundwater 
mtercept system may mtroduce hgh TDS water from the landfill to the UHSU 
groundwater m the w m t y  of the outfall points 

Average concentrations of mtratehtnte were mapped wthm the UHSU (Figure 4-29) 
wth the hghest concentrations of mtratdmtnte present m groundwater downgradlent of 
the landfill near the groundwater intercept system discharge polnts Average 
mtratehtnte concentrahons of 160 and 51 mg/L were m groundwater from wells 
B206889 and B206989, respectively These concentrahons are much hgher than the 
average mtratehtnte concentrahons m water from wthm the landfill, whch were 
generally less than 1 0 mg/L Nitratehtnte concentrabons m the range of 1 to 5 mg/L 
(slightly hgher than mean background concentrahons) occur along the northern, western, 
and southern pemeter of the landfill Although these concentrabons are hgher than 
those wthm the landfill, an upgradient source of mtratehtnte has not been idenbfied 

Total Organic Compounds 

Total concentrahons of orgmc compounds frequently detected m UHSU groundwater 
were mapped to d e t e r n e  then spatial distnbubon m groundwater and to idenbfj, 
possible sources of these compounds The parameters mcluded m the total concentrations 
of VOCs, chlotlnated hydrocarbons, BTEX, and SVOCs are listed m Table 4-25 

The hghest average total VOC concentration and hghest average TDS concentration 
occur m the east-central portion of the landfill m leachate from well 72293 (730 pg/L) 

17522Q\sect1on4doc 4-30 Draft 411 5/94 



OU 7 Revised Work Plan Section 4 

(Figure 4-30) Water fiom th~s portion of the landfill probably has the longest residence 
tune w r h  the landfill and, therefore, may have the hghest contarmnant concentrabons 

Elevated total VOC concentrations in wells located upgradient south and southwest of the 
lanflill mdicate that source(s) of VOC contarmnation is also present outside of the 
landfill Upgra&ent groundwater from well 70393 had an average total VOC 
concentration of 71 pg/L These VOCs may be associated wrth past acbvibes at the 
PU&D yard as discussed m Section 2 1 Groundwater h m  wells located w h  IHSS 
166 1, whch is southeast of the landfill, had average total VOC concentrabons of 36 and 
76 p a ,  respectwely 

\ 

Groundwater downgradient of the landfill and below the discharge polnts of the 
groundwater mtercept system contam relabvely low concentrabons of total VOCs 
compared to water from w r h  the landfill None of the orgmc compounds detected at 
B206889 (methylene chlonde, acetone, benzene, ethylbenzene, toluene, or total xylenes) 
was detected m subsequent analyses Isolated detecbons of VOCs have occurred at well 
71 87 located northeast of the landfill 

Maps of average total chlonnated hydrocarbon and total BTEX concentrabons were 
constructed to ideiibfj. patterns m the types of VOC contammabon occurnng at the site 
The total chlomted hydrocarbon map (Figure 4-31) indmtes that the hghest 
concentrabon of chlonnated hydrocarbons occurred in groundwater upgradlent of the 
landfill at well 70693 (416 p a )  VOC contammabon at h s  upgradlent well was 
composed entmly of chlomted hydrocarbons Upgmhent well 70393 had an average 
(detected) chlomted hydrocarbon concentration of 72 pg/L, Concentrabons of 

chlomted hydrocarbons were much hgher in groundwater upgradient of the landfill 
than m leachate from the central po&on of the landfill, wrth the excepbon of well 
B206389 (average concentrabon of 278 p a )  Well B206389 is located downgmhent 
from IHSS 166 1 Chlomted hydrocarbon concentrabons m groundwater from w r b  

IHSS 166 1 (wells B206489 and 7287) were also elevated (32 and 68 p a ,  respecbvely) 
for leachate from the landfill 

In contrast, average BTEX concentrabons were hghest m leachate collected fiom the 
landfill (Figure 4-32) The BTEX compounds were not detected m upgmhent 
groundwater fiom wells 70393 and 70693 (where the hghest total chlomted 
hydrocarbon concentrabons were found) The hghest average BTEX concentrabons 
occurred 111 water h m  wells 72293 and 72393 (423 and 345 p a ,  respbvely) w h  
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the central porhon of the lanflill Wells B206489 and 7287 wthm IHSS 166 1 had 
average BTEX concentrations of 8 and 56 p a ,  respectively Thus, Qfferent types of 
VOC contammahon are present wthm the landfill and upgradent (southwest) of the 
landfill, suggestmg that a distinct source of VOC contamination is present upgradient of 
the landfill 

Average total SVOC concentrahons were hghest in leachate fiom the east-central portion 
of the landfill at wells 72293 and 72393 (710 and 717 pgL, respecttvely) (Figure 4-33) 
Isolated detecbons of SVOCs occurred at wells 70693 and 716593 (21 and 25 p&, 
respectwely) These data mQcate that SVOC contammahon is larger). contamed w h  
the central pofion of the landfill 

In summary, the orgaruc parameter maps indicate that the landfill is not the sole source of 
contammahon to groundwater in the vicixuty of OU 7 Withm the landfill, a VOC plume 
charactenzed by relahvely hgh BTEX and low chlonnated hydrocarbon concentrahons 
exlsts The VOC concentrahons withm the landfill mcrease m the downgmhent 
h c b o n  A second, chemcally Istinct VOC plume exlsts southwest and upgradient of 
the landfill Thls plume is composed entirely of chlonnated hydrocarbons and may be 
associated wth activlties at the PU&D yard A thud plume wthm and downgradient of 
IHSS 166 1 is charactenzed by a mixture of BTEX and chlonnated hydrocarbon 
compounds Other regions of isolated VOC contarrunahon occur at IHSS 203 (BTEX 
compounds), downgradient at the groundwater intercept system discharge pomts (BTEX 
and chlonnated hydrocarbons), and northeast of the landfill at well 7187 (chlonnated 
hydrocarbons) Leachate collected fiom the northern portion of the landfill had the 
lowest concentrahons of VOCs and SVOCs Also, groundwater near the Qscharge of the 
northern groundwater mtercept system had lower concentrations of VOCs than 

groundwater near the southern groundwater intercept system Qscharge 

Radionuclides 

Maps of average Qssolved and total uranium-235 achvity (figures 4-34 and 4-35) mQcate 
that dissolved and total achwhes of uranrum-235 were hghest in groundwater fiom wells 
B206589 (located upgradient and south of the landfill) and B206889 (located 
downgrdent of the landfill near the southern groundwater mtercept Qscharge) Both 
dissolved and total achvities of urmum-235 were relahvely low m water from wthm the 
landfill wth total achvities less than 0 5 pCfi Average total and Qssolved uramum-238 
(figures 4-36 and 4-37) followed the same general distnbution pattern m groundwater as 
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urmum-235 The hghest acbvibes of urmum-238 occurred in groundwater fiom wells 
B206589 and B206889 and mhcate that a source(s) of uran~um-235 and uran~um-238 
may be present outside and south of the landfill Uran~um-235 and urmum-238 
achwties were also relatively hgh at wells located near the discharge of the north 
groundwater lntercept system Qscharge, and at well 0786 located near the East LandfYl 
Pond 

The map of average Qssolved radium-226 achvity indcated that the hghest acbvities 
occur w~thm the southern and central portions of the landfill at wells B206389, 6987, 
72093, 72293, and 72393 (Figure 4-38) Both total and Qssolved dum-226 were 
idenhfied as PCOCs The hghest amer~cium-241 levels also occur w h  the landfill at 
wells 72093,72393, and abandoned well 6387 (Figure 4-39) 

Dissolved Oxygen and pH Maps 

The average pH and dissolved oxygen content (field measurements) of groundwater were 
mapped to idenbQ thelr spabal relahonshp to other contammants (figures 4-40 and 4- 

41) Groundwater w h  the landfill (leachate) generally has pH values rangmg fiom 6 5 
to 7 5 The lowest pH values occur m the northern porbon of the landfill Dissolved 
oxygen contents were lowest m leachate from the central and southern porbon of the 
landfill The lowest dssolved oxygen concentrabon (1 63 mg/L) occurred at well 72293 
m the east-central porhon of the landfill These data mhcate that landfill leachate is 
generally neutral and mldly oxlQzmg Because dnsolved oxygen was measured in 
samples exposed to au, the dissolved oxygen contents reported may not be representatwe 
of redox conQbons W I ~  the landfill 

4 7 3 2 Exceedances of the UTL,,, Concedration 

All morgmc and donuclide data from UHSU wells at OU 7 were compared to 
background U G M  values The list of values that exceed the UTLW,, concentrahon, 
by well, are gwen m Appendlx M 

Addihonal analytes identdied as PCOCs usmg the compmson to the U h m  
concentrabon mclude hssolved alummum, antimony, cadm~um, chromum, lithlum. 
molybdenum, and selemum Cornpanson of total concentrabons to the U h m  
concentrabon resulted m cadm~um, cyatude, molybdenum, tm, and cesium-137 bemg 
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idenbfied as addibonal PCOCs Table 4-23 lists all analytes e x c e h g  the UTLWm 
concentrabon and the range of values that exceed the UTL 

4 7 4 Nature and Extent of LHSU Groundwater Contarnination 

Data fiom wells downgradient of the landfill were used to develop the PCOC list for 
LHSU groundwater Data fiom LHSU wells upgmbent of the landf5ll were then 
separately compared to sitewde LHSU background data to deternune if LHSU 
groundwater u p w e n t  of the landfill contams analytes at concentrabons elevated wth 
respect to background concentrabons 4 

Stabstmil compmson of upgradient LHSU groundwater data to sitewde background 
resulted in idenbficabon of 22 analytes with elevated concentrabons relabve to 
background 6 Qssolved metals and 1 dissolved radionuclide and 14 total metals and 1 
total donuclide Usmg downgradient LHSU data, 20 dissolved metals and 3 Qssolved 
rdonuclides and 8 total metals were idenbfied as elevated relabve to background Table 
4-27 presents the results of the LHSU stabstical compmsons These analytes are all 
PCOCs m LHSU groundwater as summanzed on Table 4-24 

Dissolved analytes that were idenbfied as PCOCs usmg d o w n w e n t  data, but were not 
elevated m the u p w e n t  data set, mclude alwum, beryllium, c h u m ,  chromum, 
cobalt, copper, lihum, potassium, selemum, silver, soQum, stronbum, thallium, and tm 
The greater number of dissolved metals idenbfied as PCOCs m d o w m e n t  
groundwater may be the result of mcreased contact between downgmhent groundwater 
and landfill matenals or other sources of contarmnants 

Dissolved donuclides idenbfied as PCOCs companng downgmhent data to sitewde 
background mcluded gross alpha, gross beta, and uratllum-238 Companson of 
up@ent Qssolved donuclide data to background data mdcated that uratllum-235 
was elevated for background acbvibes Usmg total actmbes, cesium-137 was found to 
be elevated wth respect to background in upgradient groundwater 

4 7 4 1 Isoconcentration Maps 

Maps of average analyte concentrabons were used to analyze the nature and extent of 
LHSU contamnabon and to mvesbgate possible contarmnant sources and transport 
pathways Isoconcentrabon contour maps for the LHSU were constructed for average 
total Qssolved solids, average total VOCs, and average dlssolved uralllum-238 actwty 
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Due to the lmted spabal extent of LHSU chemcal data, especially underlying the 
landfill, only general conclusions could be reached regardmg the extent of LHSU 
conknunabon 

Inorganic Indicator Parameters 

The hghest average TDS concentrabons were present ir- groundwater d o w n w e n t  of 
the landfill (Figure 4-42) Average TDS concentrabons at downgmhent wells 4187 and 
B207189 were 1,885 and 1,688 m a ,  respecbvely These concentrabons exceed the 
mean and maxmum reported background TDS concentrabons of 406 and 1,430 m a ,  
respecbvely These data may mQcate that LHSU groundwater d o w n w e n t  of the 
landfill may have been adversely af€ected by Qscharges from the groundwater mtercept 
system 

Total Organic Compounds 

Average total concentrabons of orgamc compounds frequently detected m LHSU 
groundwater were mapped to determme the spatial Qstnbubon of these compounds and 
to idenbe possible source areas of VGC contammbon to LHSU groundwater (Figure 
4-43) The parameters lncluded m total concentrabons of VOCs are listed m Table 4-24 

The average total VOC concentrabon map mQcates that VOCs have been detected m five 
of eight LHSU groundwater wells However, detecQons of VOCs are mfkquent and 
generally not repeated at smgle wells As discussed below, these detecbons probably do 
not mdicate contammabon of groundwater ln the LHSU 

At downgrdent well B207189, methylene chlonde was detected once rn 1991 at a 
concentrabon of 8 p a  Methylene chlonde was detected m samples collected fiom h s  

well on two other occasions, but on those occasions, it was also reported ln the laboratory 
blanks Because there have been no addbonal detecbons of methylene chlonde m LHSU 
well B207189, the 1991 detecbon is quesbonable Acetone has been detected m c e  at 
B207 189 In one mstancce, acetone was also detected m the laboratory blank, on the other 
occasion it was reported below the detection lirmt as a suspected aldol condensahon 
product These data do not provide sufficient ewdence of VOC contammabon at 
d o w m e n t  well B207 1 89 

Eight of the m e  VOC detecbons reported m d o w n w e n t  well 4187 were detected m 
the laboratory blank, suspected as an aldol condensabon product, or estrmated at a 
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concentrabon less than the detection limt Methylene chlonde, detected dunng one 
samplmg event, was the only valid VOC detected fiom 1990 to 1993 Methylene chlonde 
was detected on four other occasions but was present m the laboratory blank, suspected as 
an aldol condensabon product, or both on these occasions Because there have been no 
subsequent VOC detections, the methylene chlonde detection m LHSU well 4187 was 
not considered to mdicate contammation 

In u p w e n t  well 70893, only acetone was detected dunng one 1993 samplmg event 
However, the laboratory reported h s  analyte as a suspected aldol condensahon product 
Therefore, th~s detecbon does not represent actual groundwater conhamnabon m well 
70893 The lack of venficabon of acetone m subsequent samples also mdmtes that VOC 
contammabon is not present at well 70893 

In well 0886, located near the East Landfill Pond, m e  of the ten VOC detecbons were 
either also detected m the laboratory blank, reported as an estmated concentrabon below 
the detecbon lmt, or suspected as an aldol condensabon product Methylene chlonde 
was detected at 16 pg/L once m 1992 However, this detecbon was not venfied m 
subsequent samplmg events Thls one sample does not provlde ewdence of VOC 
contammabon at well 0886 In upgradrent well 0986, acetone and methylene chlonde 
were detected at 24 and 9 pg/L, respecbvely, m one samplmg event rn 1992 However, 
these detecbons were not venfied m subsequent samplmg events 

Radionuchdes 

The hghest average Qssolved wum-238  acbvlbes occurred m groundwater from 
upgradient wells 70293 and 70593 (3 2 and 2 1 pCdL) (Figure 4 4 )  The average 
dissolved ux-anmn-238 activlty in d o w n w e n t  groundwater from well 4187 was 1 1 
piCL These values are wthm the range of background values (up to 1 1  00 pCdL) for 
dissolved mum-238  m groundwater fiom weathered claystone (EG&G 1993d) 

4 7 4 2 Exceedances of UTLWM Concentration 

Inorgamc and radionuclide data fiom LHSU wells at OU 7 were compared to the 
UTL99m concentrabon for each analyte The list of values that exceed the 
concentration, by well, are given m Appendlx M 

AdQbonal analytes idenbfied as PCOCs usmg the compmson to the UTLwm 
concentrabon d u d e  dissolved antmony, arsemc, uon, lead, mercury, strontrum-89,90, 
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vanadium, and urmum-235 and total alurmnum, amencium-241, arsemc, cesium-137, 
copper, uon, lead, lith~um, manganese, mtrate/rutnte, potassium, silicon, silver, tin, 
m u m - 2 3 5 ,  and m c  Table 4-24 lists all analytes exceedmg the UTLWm concentration 
and the range of the excesses for the UTL value 

4.8 Contaminant Distnbution Summary 

A comprehensive list of PCOCs for all of the media descnbed above is presented m Table 
4-28 

4 8 1 Surface Soils 

Statistical evaluabon of surface soils at IHSS 203 and IHSS 114 revealed that calcium, 
copper, and radium-226 (IHSS 203 only) occurred at elevated concentratlons or acbwtles 
relabve to background Two PCBs were detected at low concentrabons m approximately 
20 percent of the soil samples from IHSS 203 At IHSS 203, amencium-241 and 
uran~um-235 actiwbes exceeded the UTL,,, and - at IHSS 114 strontium-89,90 and gross 
beta exceeded the UTLWm m some soil samples 

Three PCOCs (calcium, strontmn, and radium-226) were idenbfied m soils from the East 
Landfill Pond area based on results of the inferential stat~st~cal tests Nme metals, two 
radionuclides, and rutrate/mtnte were also idenbfied as PCOCs based on UTLwM 
compmsons These exceedances were generally m the range of 2 to 3 times the 
maxmum background concentration The amencium-241 acbvity of one sample was 27 
tunes hgher than the maxlmum background acbvity Radionuclides exceeded 
background activibes only in the 0- to 2-mch soil samples 

4 8 2 Subsurface Geologic Materials 

Seven &onuclides (amencium-24 1, cesium-1 37, gross beta, rad~um-226, radium-228, 
uraruum-235, and uraruum-238) were identified as PCOCs m surficial deposits 
u p w e n t  of OU 7 However, only radium-226 was idenbfied as a PCOC m upgradient 
bedrock matenal, mdicatmg that sigmficant downward transport of these radionuclides 
has not occurred At downgradient borehole 70993 (located near the north groundwater 
mtercept system discharge outfall), cesium-1 37 and uran~um-238 were identified as 

PCOCs in sudicial deposits Urmum-238 was also identified as a PCOC in north 
groundwater mtercept system discharge water (Section 4 6) These data suggest that the 
north groundwater mtercept system discharge water may be a source of uraruum-238 to 
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geologic matenals downgradient of the landfill However, the ultmate source of 

urmum-238 may be located upgradient of the landfill, as mdicated by the upgradient 
borehole data Tntium was identified as a PCOC in downgradient borehole 71093 
(located near the south groundwater intercept system discharge) and also m south 
groundwater intercept system discharge surface water (Section 4 6) Five VOCs and six 
VOCs were also detected in geologic matenals and identified as PCOCs 

4 8 3 Sediments 

Stabsbcal compansons of East Landfill Pond sedments to backgroqd stream sedunents 
idenbfied metal, radionuclide, and rnorgaruc analytes present at concentrabons elevated 
wth respect to background concentrations Two VOCs and 15 SVOCs were detected m 
the East Landfill Pond sedunents and are considered PCOCs Because the number of 
sedunent samples collected from the pond was small (3 samples), addibonal samplmg 
and analysis may be requued to better charactenze pond sedments 

Fifteen SVOCs were detected m East Landfill Pond sedment at SED70093 near the 
leachate seep Fourteen of the detected concentrabon values were qualified as esbmated 
concentrabons below the detection l m t  However, the occurrence of these in sedments 
close to a potential source of SVOCs mdicates that SVOC contammabon of East Landfill 
Pond sedments has probably occurred 

Cesium-137 was the only radionuclide found at acbvity levels hgher than background 
activibes No smgle sedunent sample had measured donuclide acbvibes hgher than 
the UTLwm value The hghest rdonuclide actiwbes were present in the sample 
collected from the west end of pond, closest to the leachate seep These data inhcate that 
rahonuclide contammation in East Landfill Pond sedments is not extensive 

4 8 4 Surface Water 

Surface waters at OU 7 are not contarmnated by VOCs and SVOCs, except at the 
leachate seep BTEX, chlonnated hydrocarbons, and SVOCs were consistently detected 
only in water samples from the leachate seep 

Tnbum acbvibes were elevated relative to background activities m the leachate seep, the 
East Landfill Pond, and the southern groundwater mtercept hscharge Amencium-241 
was elevated above background m the East Landfill Pond, southern groundwater mtercept 
discharge, and the northern groundwater mtercept discharge U m u m  -235 and urmum- 
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238 were both elevated relative to background at the pond and the northern discharge 
pomt, whereas only urmum-238 was elevated above background at the southern 
discharge pomt As may be expected, water rn the East Landfill Pond reflects the quality 
of the water fiom the leachate seep and fiom the groundwater intercept system except that 
seep water contams VOCs and SVOCs more often 

4 8 5 Groundwater 

Groundwater m the UHSU at OU 7 contatns hgher-than-background concentrabons of 
metals, radionuclides, orgmc parameters, and mtrates Sources of radionuclide and 
chlomted hydrocarbon conknunabon to UHSU groundwater may be located up@ent 
of the landfill and wthm IHSS 166 1 ( t n h  OU 6) The landfill appears to be the mam 
source of metals and BTEX compounds to UHSU groundwater Addibonal data are 
necessary to charactenze the downgrahent extent of UHSU groundwater contanmabon, 
especially in areas north and south of the East Landfill Pond embankment and No Name 
Gulch 

PCOCs were idenbfied m groundwater fiom the LHSU However, m LHSU 
groundwater collected downgradient of the landfill, rdonuclide and VOC concentrabons 
were not sipficantly hgher than m LHSU groundwater h m  background wells 
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Surface Soil 

Table 4-1 
Data Aggregabon at OU 7 to Support Site Charactemation and Risk Assessment 

IHSS 203 (0 to 2 inches) OU 1 and OU 2 
background data 

IHSS 203 (0 to 10 inches) OU 1 and OU 2 
background data 

IHSS 114 (0 to 2 inches) OU 1 and OU 2 

nature and extent remedial investgation and design 
potential contaminant of concern 
nature and extent remedial investgabon and destgn, 
potential contaminant of concern 
potential contaminant of concern 

East Landfill Pond (0 to 2 
background data I 
OU 1 and OU 2 lnature and extent, potential contaminant of concern 

Subsurface 
Seologic Matenals 
:I e ,  borehole 
samples) 

I landfill, 71093, by geologic each geologic unit I 

inches) background data 1 

East Landfill Pond (0 to 10 OU 1 and OU 2 nature and extent, potential contaminant of concern 
inches) background data 
Samples downgradient of Sitewide borehole data for nature and extent potential contaminant of concern 
landfill 70993, by geologic each geologic unlt 
unlt 

Samples downgradlent of Sitewide borehole data for nature and extent, potential contaminant of concern 

Jond Sediments 

jutface Water 

-eachate Seep 

Sroundwater 
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Combined upgradient 
boreholes 70493 and each geologic unit contaminatlon impacting OU 7 
70593 by geologic unlt 
East Landfill Pond Sltewtde background data potential contaminant of concern 
sediments (SED70093, for stream sediments 
SED70193 and 
SED70293) 
(SWO98) East Landfill 
Pond for surface water investigation and design, potential contaminant of 

(SWO99) North intercept 
system dncharge data potential contaminant of concern 
(SWlOO) South intercept 
system discharge data potential contaminant of concern 
SW097 leachate seep 

Sltewide borehole data for nature and extent evaluation of upgradient 

Sltewide background data nature and extent, fate and transport remedial 

concern 
Sltewide surface water nature and extent, remedial investigation and design 

Sltewide surface water nature and extent, remedial investgation and desgn 

Sttewlde background data nature and extent, potential contaminant of concern 
for seep watedregional 
information 

All wells in UHSU Sitewlde background data OU-wide potential contaminant of concern 
for UHSU identification 

Landfill wells in UHSU Sltewlde background data nature and extent 
for UHSU 

Downgradient wells in Snewide background data nature and extent fate and transport 
UHSU for UHSU 
Downgradient wells in Sitewide background data nature and extent, fate and transport potential 
LHSU for LHSU contaminant of concern 
Upgradient wells in LHSU Sltevvlde background data nature and extent 

for LHSU 



OU 7 Revised Work Plan Section 4 

Definitions 

IHSS mdividual hazardous substance site 
LHSU lower hydrostratigraphic unit 
OU operable unit 
UHSU upper hydrostratigraphic unit 

. 
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Table 4-2 
Volume Eshmates of Previous Landfill Operatrons 

Votume of 

10 178 
10 178 
10 178 
10 178 

Cumufative 
Volume of Compacted 
Compacted Trash & Fin 
Trash & nl€' to Date 
(cubic yards) (cubic yucrr) 

13,571 13 571 
13.571 27 142 
13,571 40 713 
13,571 

1972 10,178 13,571 67,855 
1973 10,178 13,571 81,426 
1974 10 178 13 571 94,997 
1975 10,000 13 333 108 330 
1976 10 000 13 333 121 663 
1977 10,000 13,333 134 996 
1978 10 000 13 333 148 329 
1979 10 000 13,333 161,662 
1980 I 10 000 I 13 333 I 174995 
1981 I 10 000 13 333 I 188,328 

13,333 201 661 
13,333 214 994 

10 000 13,333 228 327 
1985 10 000 13,333 241 660 

1986 10 000 13,333 254 993 
1987 I 28 125 I 37,500 I 292,493 
1988 I 28,125 37,500 I 329993 
1989 28 031 37 375 367,368 
1990 28 125 37,500 404 868 
1991 28 125 37 500 442 368 
1992 11 964 15 952 458 320 
1993 11,964 15 952 474 272 

I TOTAL I 355,705 I 474,272 I 
' Based on atrash to fill ratio of3 to 1 

Estimated 
Volume of 

Trash B RII 
bY 

jcubk yards1 

95,000 

255,000 

330,000 

Weightat Mightof 
Tmh a Ffll 

(pounds) (kllognmt) 
13 571 000 6 155806 
13 571 000 6,155 806 
13,571 000 6,155,806 
13,571 000 6,155 806 
13,571,000 , 6,155,806 
13,571 000 6 155,806 
13 571 000 6 155 806 

Trash & Fill* 

13,333,000 6,047,849 1 13,333000 6,047849 

37,500,000 17,010,000 -1 

474,272 000 I 215 129 779 1 

* Based on a compacted trash density of IO00 pounds per cubic yard (Bmnner and Keller 1972) 
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Cumulativo 
Volume of Volume of Compacted 
Compacted Compacted Trash & Fill 

Trash & FIII' to Date 

Table 4-3 
Volume Estimates of Future Landfill Operahons 

Wdght of 
Tnsh S, Ff1I2 

\ 

might of 
' Trash & Flll 

15 952 506 176 
15 952 522,128 
15 952 538 080 

TOTAL 47 856 63,808 

(pounds) (We KlfognmsL 
15,352 0 7,235,827 

I 

I 28,943,308 

' Based on a trash to fill ratio of 3 to 1 

Based on a compacted trash density of 1000 pounds per cubic yard (Brunner and Keller 1972) 
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BulldDng 
025/026 

ill 

111 

ill 

Table 4-4 
Waste Streams Disposed in the Landfill from 1989 to Present (WSRIC)' 

PracsSr 
N u d  waste Description Waste Type 

025/026-14 Scrap or Reject Drums Empty Containers Nonhazardous insufficlent data 
1 1 1-1 -4 Empty Containers Empty Containers Nonhazardous 1 OO/year 
11 1-1-5 Empty Ink Cans Empty Containers Nonhazardous 120/year 
1 1 1-1 -6 Empty Solvent Containers Empty Containers Nonhazardous 12tyear 

112 

112 

119 

119 

119 

111 I 11 1-1-12 (Aerosol Cans I Emptycontainers I Nonhazardous I 16/year 
111 I 11 1-1-13 (Machine Cleaning Waste I Solld I Nonhazardous I insufficlentdata 

~~ 

112-1-i3 wire Metal Nonhazardous insuffiaent d a t a  
112-1-2 Dry Combustibles Solid Nonhazahous 10 gallyear 
1 19-1 -3 Waste Parts Solid Nonhazardous insufficlent data 
119-14 Empty Containers Empty Containers Nonhazardous insufliclent data 
1 19-1 -8 Empty Aerosol Containers Empty Containers Nonhazardous insufficlent data 

124 

125 

125 

125 

I 123 I 123-164 lAlkalineBattenes I Solid I Nonhazardous I insuffiaentdata I 
~ ~~~~ 

124-1 -5 Rubber Gloves solid Nonhazardzs 1 pairlmo 
1251-3 Kimwipes" Cont wlth Presohre/Ethanol Solid Nonhazardous 10 gallyear 
12514 Wipes & Rags w/OiI and/or Ethanol Solld Nonhazardous 60 gabear 
1252-5 Used Cotton Gloves Solid Nonhazardous < 1 gabear 

125 

125 

125 

130 

125-3-7 Broken Glass Solid Nonhazardous insufficient data 
1253-9 Uncontaminated Kimwipes" Solid Nonhazardous < 10 gallyear 
125-6-2 Uncontaminated Kimwipes" Solid Nonhazardous 260 gayyear 
130-6-2 Dry Combustibles Solid Nonhazardous insufficient data 

218 I 218-1-1 ]Dry Combustibles I Solid I Nonhazardous I 10 ragslyear 
333 I 333-3-2' /Empty Paint Cans I Empty Containers I Nonhazardous I 100 canshrear 

334 - 334-1; 

334 334-1-1 1 
334 334-1-12 

334 334-2-23 

I 333 I 333-3-4' bent Paint Booth Filters I Solid I Unknown I 1900 Danelshrear I 
~~ 

Greasy Kimwipes" Solid Nonhazardous vanable 
Contact Cleaner Containers Empty Containers Nonhazardous 24 canslyear 
Used Light Bulbs Solid Nonhazardous vanable 
Metal Cuttings Metal Nonhazardous vanable 

334 

334 

334 

334 

334 

I Nonhazardous I 550aalhrear I I 334 I 334-2-7 IRagsand Kimwipes" I Solid 

334-53 Rags and KimwipesO Solid Nonhazardous insuffictent data 
33444 Wood Scraps and Sawdust Solid Nonhazardous 24 cu yddyear 
3344-6 Plastic Shavings and Scraps Sold Nonhazardous 60 gallyear 
3344-9 Glass Scrap Solid Nonhazardous I cu yd/year 
334-4-10 Kimwipes" and Rags Solid Nonhazardous 6 gabear 

334 334-5-10 

334 334-513 

334 334-514 

371 371 -9-4 

I 334 I 334-57 IFreonCans I Solld 1 Nonhazardous I 60canshrear I 
~ ~ 

Waste Glue Cans Solld Nonhazardour 24 cans/year 

Rags and BNSheS Sold Nonhazardous insuffident data 
Rags and Kimwipes" Solid Nonhazardous insufficwnt data 
Used Kimwipes" Sold Nonhazardous 12 caseslyear 

~~ 

371 3 7 1 - 1 2 - Z 3  
371 371-13-2' 
371 371-13-4' 

Scrap Metal Metal Nonhazardous insufficient data 
Paint Rags Brushes, and Rollers Sold Nonhazardous vanable 
Empty Paint Cans Empty Containers Nonhazardous vanable 
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I .  

439 439-2-1' Metal Chips 

439 439-34 Kimwipes" with Coolant Sludge 
442 442-1 -2 Used Kimwipes@ and Rags 

Section 4 

- 
I - - - - - 

Metal Nonhazardous 1l2 tonlmo 

Solid Nonhazardous insufficlent data 
Solid Nonhazardous 15 aaUvear 

I I I 

442 

442 

Building I Nu& I waste Dsrcriptian Nonhazardous 1 Generation Rate 
371 I 371-15-1 !Expired Leaded Glovebox Gloves I Solid I Nonhazardous I insufficient data 

442-14 Rejected Respirator Cattndges Solid 

442-1-7 Defectwe HEPA Filters Solid 

443 

444 

444 

443-1 -1 3 Contaminated RagsMlipes Solld Nonhazardous 55 gal every 2 

4444-7 Silica Solid Nonhazardous 250 Ibdyear 
4444-14 Air Filters Solid Nonhazardous 8 filterdvear 

years 

Nonhazardous 900 I 

444 

444 

444 

444 

I cattndgedyear 
Nonhazardous I 500 filterdvear 

444-9-7' 

444-22-1 

444-224 

444-25-8 

444 

445 

445 

444 I 444-9-2' 

444-31-6 Non-RCA Plenum Prefilters Solid Nonhazardous 

Nonhazardous 4451-13 Metal Fines Metal 

445-1-2' Scrap Matenal Metal Nonhazardous 
445 

447 

440 

449 

449 

454 

Santtary Solid Waste 

-~ 

445-1-3 Combustible Waste Solid Nonhazardous 25 Ibslwk 
447-8-5 Furnace Filters (uncontaminated) Solid Nonhazardous insufficient data 
448-1 -5 Reject Metal Drums Empty Containers Nonhazardous variable 
449-14 Empty Containers Empty Containers Nonhazardous 660 lbslyear 
449-1-8' Rollers, Tape Brushes Paper Containers Solld Nonhazardous 100 Ibdyear 
454-1-3 Sump Sludge Solid Nonhazardous 200 lbslvear 

50 dumpsterdyear 
insuffiaent data 

15 lbslyear 

Srinding Wheels 

Jsed Coolant Filters 

Jsed Exhaust Filters 

5 gahear 

Metal Nonhazardous insufficient data 
Nonhazardous variable Solid 

Solid Nonhazardous variable 

insufficient data 

460 

460 

460 

460 

460 

460 

I 444 I 444-264 IFurnaceFilterPads I Solid I Nonhazardous I 800 oaUvea7-1 

460-21 -1 5 Used Compressor Filters Solid 
460-21-25 FuCFlo Filters Solid 
460-21-26 Used Cuno Filters Solld 

460-296 Santtary TrashlDiscarded Containen Solid 
460-31-22 Fluorescent Ballast Metal 
460-32-2 Combustibles Solld 

I 444 I 444-29-16 ILiaht Metal I Metal I Nonhazardous 

460 460-32-9 

460 460-33-3 

460 460-34-1 

460 460-34-2 
460 460-34-3 

I 
~~ 

4 4 4 1  444-29-26 ]Dry Combustibles Solld I Nonhazardous 

Rags and Wipes Solld Nonhazardous insuffiaent data 
Construction Scrap Solid Nonhazardous insuffiaent data 
Scrap Metal Metal Nonhazardous insufficlent data 
Scrap Neoprene Rubber Solid Nonhazardous insufficient data 
Scrap Fiberglass Solid Nonhazardous insufficient data 

insufficient data 

100lbslwk I 
100lbslwk I 

I 460 I 460-6-2 lwipes I Solld I Nonhazardous I insufficientdata 1 
460-6-g3 

460-13-14 

46-1 3-1 5 

Nonhazardous I insufficient data I 
I 460 I 460-32-3 I S c r a o ~ v c ~ i D e  I Solld I Nonhazardous I insufkmntdata I 
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662 

662 

662 

662 

662 

662 

Section 4 

662-3-2 Oil-Soaked Rags Solid Nonhazardous insufficient data 
662-3-3 Oil-Soaked Floor Dn Solid Nonhazardous insufficient data 

662-6-8 Plastic Solid Nonhazardous vanable 
662-7-1 Sanitary Waste Solid Nonhazardous variable 

662-7-2 Dry Combustible Solid Nonhazardous vanable 
662-7-3 Plastic Solid Nonhazardous variable 

553 I 553-243 /Copper Wire Waste I Metal I Nonhazardous I 1 gaVyear 
553 I 553-3-23 kcrap Metal Metal I Nonhazardous I 400aaUvear 

662 

663 

663 
663 

663 

I 559 I 559-26-10 IRoll-a-Mat Filters I Solid I Nonhazardous I insufficientdata I 

~ ~~~ ~~ 

662-7-5 Light Metal Metal Nonhazardous vanable 
663-1-3 Miscellaneous Scrap Solid Nonhazardous insufficient data 

663-14 Drywall Scraps Solid Nonhazardous insufficient data 
663-1-5 Kimwipes" Solid Nonhazardous insufficient data 

663-1-8 Scrap Lumber Solid Nonhazardous insufficient data 

Nonhazardous 

663 

663 

663 

664 

664 

~ ~~~~ ~~~~~~ . 

663-1-9 Plastics Solid Nonhazardous insufficient data 

663-1-1 I General Trash and Scrap Lumber Solid Nonhazardous insufficient data 

663-1 -1 2 Empty Adhesive Cans Empty Containers Nonhazardous insufficient data 

664-1-3' Empty Containers Empty Containers Nonhazardous 8-9 gallyear 

664-1-1 0 Empty Non-Spray Paint Containers Empty Containers Nonhazardous I00 aahear 

I 662 I 662-74 IGlass I Solid I Nonhazardous I variable I 

70 1 

701 

701 

701 

~ ~~~ ~~ ~ ~ ~~ ~~ 

701-24 Empty Bags Solid Nonhazardous 780 bagdyear 

701-2-5 HEPA Filters Solid Nonhazardous vanable 

7014-33 Metals Metal Nonhazardous insufficient data 

701-M3 Metals Metal Nonhazardous insufficient data 

703 

707 
707 

708 

I 664 I 664-1-12 llncandescent Bulbs 8 Non-PCB Ballast I Solid I Nonhazardous I 30 bulbdvear I 

703-1-1 Kimwipes" Solid Nonhazardous insufficient data 

707-29-3 Bag Filters Solid Nonhazardous insufficient data 

707-29-6 RolCa-tnat Filters Solld Nonhazardous a rolWyear 

708-1-1 Used HEPA Filters Solid Nonhazardous 2 every 20 years d 

I 702 I 702-1-7 IKirnwipes" I Solid I Nonhazardous I insufficient data I 
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Process 
Building N u m b d  

991 991-3-9 

991 991-5-2 

Section 4 

HazardM%/ 
wads Description Waste Type Nonhazardous Genwafitm Rate 

Mounting Compound Solid Nonhazardous insufficient data 

Furnace Filters Solid Nonhazardous 30 filtedvear 

991 

99 1 

991 

991 

991 

991 

~ ~~~ 

991-6-2 Glass Solid Nonhazardous vanable 

991 -64 wood Solid Nonhazardous vanable 

991-6-8 Wire and Switches Metal Nonhazardous vanable 

991612 Belts Solid Nonhazardous vanable 

991-6-1 7 Combustibles Solid Unknown variable 

9914-22 Insulation Solid Nonhazardous insufficient data 

I T707S I T707S-1-7 IFloor Dn I Solid I Nonhazardous I vanabk I 
~~ _ _ _ ~  

T900D T9OOD-14 Empty Chemical Bags 

T900D T900D-1-5 Personal Protective Equipment 

T900D T9OOD-1-12 Air Filters 

Solld Nonhazardous 23 bagdmo 

Solid Nonhazardous 2 bagdmo 

Solid Nonhazardous 1 filter/mo 

I This information is obtained Erom the Waste Stream Residue Identification and Charactenzation (WSRIC) Program which was developed in 
1989 Therefore, this list of nonhazardous waste streams disposed in the Rocky Flats landfill coves the penod from 1989 to the present 
The process numbers, which were assigned by the WSRIC Program include the building number, the process number, and the output number 

' According to the WSRIC program, these wastes an either placed in a metal dumpster and taken to the Property Utilization and Disposal 
(PU&D) yard as scrap or placed in the landfill 

' As of June 1993, these wastes are no longer being sent to the landfill 

Definitions 

cu ft cubic feet 
cu yd cubic yard 
gal gallon 
Ib pound 
mo month 
wk week 
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Table 4-5 
Results of Methane Survey 
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Methane 
Survey Depth bff-oIIsPressurez 

-~~~ - ~ 

820- <-1 0- 14 5 100 0 100 NP-EQUIP 
13 12 < 10 10 400,000 32,000 368,000 155,000 
18 04 < 10 14 5 50 0 50 NP-EQUIP 

Carbon 
Vacuum3 TotalOa8 N M m  Methane ~ Dioxide 
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MET02993 

Methane Carbon 
survey off-oas Pressurn* Vacuum3 Total Gas NMWs Methrrne Dloxida 

3 28 < 10 13 290 28 262 NP-EQUIP 
8 20 < 10 13 4,200 80 4,180 2 000 

13 12 < 10 12 320,000 66,000 254,000 90 000 
18 04 < 10 14 68 2 66 NP-EQUIP 
22 96 < 10 14 5 38 0 38 NP-EQUIP 
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MET03893 

8 20 < 10 7 320,000 48,000 272,000 146,000 
13 12 < 10 14 5 52 0 52 NP-EQUIP 
18 04 < 10 14 5 110 0 110 NP-EQUIP 
22 96 < 10 13 5 52 0 52 NP-EQUIP 

NP-REF NP-REF NP-REF NP-REF NP-REF NP-REF NP-REF 

' Each methane survey location is within approximately 10 feet of the corresponding cone penetration test (CPT) location For 
example, MET02093 is within approximately 10 feet of CFT02093 CPT locations are presented in Figure C-1 (Appendix 
C) 

' Prior to collecting a gas sample at a given depth, off-gas pressures were measured and recorded for 5 one-minute intervals 
When a detectable off-gas pressure was measured for any of the five one-minute intervals, all five measurements are 
presented 

' A vacuum pump was used to collect gas samples Prior to collecting a sample, the vacuum created was measured and 
recorded 
Exact concentration of total gas not available due to low batteries in the Digiflam analyzer 
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Concentration of total gas was between detection limits of the Digiflam analyzer and the GasTech Tank-Techtor The 
Digiflam analyzer was used to detect concentrations above approximately 10,000 ppm, while the GasTech Tank-Techtor was 
used to measure concentrations below approximately 10,000 ppm 

Definitions 

in Hg 
NMOCS 
NP-ACC 

NP-DUP 

NP-EQUIP 

NP-REF 

inches of mercury 
non-methane organic compounds 
not performed-access, methane survey not performed at this location due to safety concerns associated with 
mobilizing the ng down the hillside to the sampling location located below the steep face of the landfill along the 
western boundary of the East Landfill Pond 
not performed-duplication of effort, methane survey not performed at this site because two other locations 
(CPT01593 and CPT02293) encountered the buned sediments of the West Landfill Pond and landfill gas 
measurements were obhned at these locations 
not performed-equipment, instruments used were not capable of detecting low concentrations (I e ,  4,000 ppm) of 
carbon dioxide 
not performed-refusal, methane survey was not performed at this location due to shallow refusals encountered at 
this site dunng the CPT investigation 
parts per million 
pounds per square inch 
due to equipment malfunction, off-gas pressure not measured 

. 
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Table 4-9 
PCOCs in Surface Soils at IHSS 203 

I Smstlcal tests, mcludmg the Gehan test, Quantlle test, Slippage test, and t-test, used to identify PCOCs 
Smstical test used to idenofy PCOCs based on a companson to the background uTL9wp9 concentration The uTL9wp9 is defined as the 
upper tolerance interval of the 99th percentile at the 99-percent confidence level 
Metal concenmolls reported m milligrams per kilogram Radionuclide concentratlolls report in picocunes per gram Polychlonnated 
biphenyl concentratlolls reported m micrograms per lulogram 

Definitions 

IHSS individual hazardous substance site 
NA not applicable 
PCOCs potent~al contamrnants of concern 
X denotes that analyte was idenbfied as a PCOC usmg the test(s) as noted 
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Table 4-10 
IHSS 203 SurfaceSoil Samples Exceedmg the 

Background UTL99/99 Concentrations 

Metal concentratrons reported in milligrams per kilogram Radionuclide concentratrons reported m picocunes per gram 

Definitions 

IHSS individual hazardous substance site 
wm upper tolerance mtaval of the 99th percenhle at the %-percent confidence level 
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Table 4-11 
PCOCs in Surface Soils at IHSS 114 

InkmtW Hot. Sunpl. 
Statlrtlat Measufwnont CJetectlof~ Sam* Conmtntlon 

AMI* Tesb' I T e d  Freqwncy mmR= 

0 to 2 inchas 

' 
* Stat~strcal test used to idenhfy PCOCs based on a companson to a background 

' Metal concentrahons m r k d  m milligrams per lulogram Radionuclide concentrations nport u1 picocuncs pcr gram Semivolatde 

Stat~shcal tests including the Gehan test, Quantde test, Slippage tes& and t test used to w-ienhfy PCOCs 

upper tolerance interval of the 99th pemhle at the %-percent confidence level 

organic compound concenmons rcporkd u1 micrograms per kilogram 

concentraton The uTL991p9 IS defined as the 

Definihons 

IHSS individual hazardous substance site 

NA not applicable 
PCOCs potenhal contanunants of conccm 
X denotes that analyte was idenhfcd as a PCOC using the test(s) as noted 
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Sam* 
S a m e  intorval 

Adtlyb Locatian (inchai) 

Table 4-12 
IHSS 114 Surface-Soil Samples Exceeding the Background 

UTL99/99 Concentrahons 

Ratio of Analyta 
Concentration to Maximum 

Result' Background ConcentrPtion Comment 

Metal concentnibom qorted in milligrams per lulogram Radionuclide concentrattons reported in picocuncs per gram 

Definiuons 

IHSS individual hazardous substance site 

upper tolerance interval of the 99th perccntde at the %-percent confidence level 
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1 9 to 10 Inchw 
Metals 
Arsenic X 67167 5 1 2 - 1 5 7  
Banum X 67/67 201 30 - 546 
Calcium X X 67/67 7 790 2 410 - 37 700 

Table 4-13 
PCOCs in Surface Soils at the East Landfill Pond 

Metals 

Arsenic I I X I 1331133 I 5 I 1 8 - 1 3 2  
Banum I I X I 133/133 I 191 I 5 6 3 - 1  120 
Calaum X X I 132/132 I 9,277 I 1,890-5480 

Amenaum-241 I I X 003 I 0-  1076 
Radium226 I X X I 79/79 I 1 0  I 0 4355 - 1 787 
WaCrQudity Panm.t.n 

NltrateNltnte I I X I 104/133 I 4 I 1-45 

Selenium I I X I 36/67 I 0 4  I 0 2 4 - 2 4  

Amencium-241 I I X I 66/66 I 00088 I 000057-005813 
Radlonuclldm 

I Stat~st~cal tests. lncludlng the Gehan test, Quantrle test, Slippage test, and t-test, used to identrfy PCOCs 
~ t a t ~ s t ~ ~ a l  test used to ident l f~  p c o ~ s  ba~ed on a cornpanson to thc backgro~rd 
is defined as the upper tolerance lnterval of the 99th percentrlc at the 99-percent confidence level 
Metal and waterquality parameter concenmons reported in milligrams per lulogram Radionuclide mnmtrabons report in 
picocunes pcr gram 

c o m m o n  ~hc 

PCOCs potent~al contamuumts of conccm 
X denotes that analyte was identrfied as a F'COC using the test(@ as noted 
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Calcium 
Calcium 
Lead 
Lead 

Table 4-14 
East Landfill Pond Surface-Soil Samples Exceeding the Background 

UTLWB9 Concentrabons 

SS708093 0 to 10 27,300 2 0  No spatial correlation 
SS708593 0 to 10 37 700 2 8  No spatial correlation 
SS707893 0 to 2 122 3 3  so0 Figure 4-22 
SS708893 0 to 2 167 1 5  see Flgure 4-22 

Concentration to Maximum 

Radium-226 I SS711393 I Oto2 I 1672 I 1 5  see Flgum 4-26 
Radium-226 I 88703293 I o t o 2  I 1681 I 1 5  see Figure 4-26 I I 
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, 1 Anriytv j fzk 
Radium226 SS711193 
Water-Qudity Panmaten 
NIratelNttnte I ss700493 

SS710193 

NitratelNitnte I SS704093 
NIratelNRnte I SS711093 
NIrate/NLnte SS711393 

Sampla Ratia of Anal@ 
interval Concenbation to Maximum 
(inches) ~erult' Background ConcsnbPtlon corn- 

0 to 2 1 787 1 6  see Figure 4-26 

' Metal and waterquality parameter conmtrdholls rcported in milligrams per kilogram Radionuclide concentr&ons rcported in picocuncs 
per gram 

upper tolerance mterval of the 991h percentile at the 99 percent confidence level 
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Table 4-15 
PCOCs in Subsurface Geologw Matenals 
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Semivolrtile Omrnic Compounds 

Bis(2-ethylhexyl)phthalab I NA I NA I 1 I8 I 183 I 47 - 430 

4 

I Statlstlcal tests, mcludmg the Gchan test, Quanttle test, Slippage test, and t-test, used to ident@ PCOCs 
* Statmcal test used to iden* PCOCs based on a cornpanson to the background concentrabon lle IS 

defined as the upper tolerance mWal of the 99th pcrcmtlle at the 99-pcrcart confidence level 
Mctal concenlrahons reported m milligrams per kdogram Radionuclide concenlrahons reporl m picocmes per gram Organic 
compound concenlrahons reported m micrograms per kilogram 

Definitions 

KaKl(w) 
NA not applicable 
PCOCs potentd contaminants of concern 
Qc colluvium 
Qrf Rocky Flats Alluvium 
X 

weathered undifferentiated Arapahoe and Laramie Formation 

denotes that analyte was identified as a PCOC using the test(s) as noted 
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Table 4-16 
Subsurface Geologc Matenal Samples Exceeding 

the Background UTLWm Concentrahon 

L 

Arsenic I 11 4 I 23 2-27 2 
Lead 31 20 72-11 2 

Analyte I Result' 
BOtUhOle 70993 - QC 

None I, I 

Metals 
Borehole 70993 KrrKI@) - 

Stronbum 
Stronbum 
Strontium 
Stronttum 

8 -  ~ . . - I 

60 20 11 2-15 2 
87 00 15 2-19 2 
107 00 19 2-23 2 

~- ~ ~- 

I 1 37 I n  

86 50 I 72-11 2 . 
'9 2-23 2 Leac' 

Stronbum 
Zinc 
Zinc 
Zinc 

113 00 23 2-27 2 
70 80 7 2-11 2 
73 90 11 2-15 2 
71 00 19 2-23 2 

Calcium I 151900 00 
Cobalt 19 20 

_ _ - _ _  

Zinc I 79 30 I 23 2-27 2 
BotahOb 71093 - QC 

Metals 

20 1-24 1 
12 1-16 1 

Banum I 624 00 I 41-61 
Radionuclides 

Cobalt 
Lead 
Lead 

Cesium-1 37 I 0 24 I 0 0-2 1 
Water-Qualitv Parameters 

~. - -  
21 00 16 1-20 1 
26 80 12 1-16 1 
29 00 16 1-20 1 

I I NitratdNitnte 20,000 00 0 0-2 1 
~~ 

Bamhde t1693 * KpKIkI 

Manganese 896 00 
Stronbum 197 00 
Stronttum 85 70 
Strontium 85 60 

Metals 
Banum I 254 00 I 84-12 1 
Calcium 12.100 00 12 1-16 1 

~- 

24 1-28 1 
8 4-12 1 
12 1-16 1 
16 1-20 1 

~ 1 Strontium I 95 30 I 20 1-24 1 
- . -  .-  35 00 24 1-28 1 

I 
I 12 1-16 1 1 

Strontium 
Stronbum 
Stronbum 
Zinc 

~ 

95 30 20 1-24 1 
105 00 24 1-28 1 
46 60 28 1-32 1 
76 10 12 1-16 1 

Zinc 
Zinc 
Zinc 

84 40 I 16 1-20 1 

81 60 I 24 1-28 1 
80 90 20 1-24 1 
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Analyte I Result’ I Sample ~ p t n  (tact) I 

Boreholes 70493 b 70593 - Qrf c ~- 
Metals 

Lead 31 40 0 0-2 0 
Chromium I 144 00 I 18 0-20 0 

Strontwm 
Strontium 
Strontium 

Radionuclides 
Cesium-1 37 1 0 20 I 0 0-2 0 

37 70 220-260 
37 00 26 0-30 0 
88 50 30 4-34 1 

Radium-228 I 2 01 I 20-40 
Radium-228 2 17 40-60 

b 

Strontium 78 40 34 1-38 1 
Strontium 51 20 38 1-42 1 
Strontium 71 00 42 1-46 1 
Strontium 64 60 46 1-50 1 
Strontium 67 40 50 1-54 1 
Zinc 88 60 34 1-38 1 

Metals 
Calcium I 15.600 00 I 30 4-34 1 

-~ I 

Zinc I 76 10 I 42 1-46 1 I 
I Metal and waterquality parameter concentrations reported in milligrams per kilogram Radionuclide 

concentrations report m picocunes per gram 

Definihons 

KaKl(w) 

Qrf Rocky Flats Alluvium 

uTLp9199 

weathered undiffmtmtcd Arapahoe and Laramie Formahon 
Qc colluvium 

upper tolerance interval of the 99th percentile at the 99 percent confidence level 
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Table 4-17 
Reported Concentrations of Organic Compounds 

in the East Landfill Pond Sediments 

Pyrene I 750(J) I NO I 74(J) I 
Definitions 

B 
J 
ND nondetect 

laboratory qualifier mdicatmg that the chemical was also detected in the laboratory blank 
laboratory qualifier mdicaung an estunated value below the quanhaon lunit 
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Table 4-18 
PCOCs in East Landfill Pond Sediments 

Iflfinudiat 
Statisticat 

Analyb TOSd 

Hot- Debction Sample Jkmpl. 

T e d  Rangss 
Measurement Frequency M d  ConcentrsUorr 

Chrysene 
Fluoranthene 
Fluorene 
Indene( 1 2 3d)pyrene 
Phenanthrene 
Pyrene 
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I Stat~shcal tests, including the Gehan test, Quantde test, Slippage test, and t test, used to identify PCOCs 
’ Statistlcal test used to identlfy PCOCs based on a cornpanson to the background concentration The is defined as the upper 

tolerance interval of the 99th percentde at the 99-percent confidence level 
Metal concentrations reported in milligrams per kilogram Radionuclide concentrations reported in picocmes per gram Organic compound 
concentrations reportcd in micrograms per hlogram 

Definitions 

NA not applicable 
PCOCs potential contammants of concern 
X denotes that analyte was idenbfied as a PCOC using the test(@ as noted 
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Table 4-19 
PCOCs in Seep Water (SW097) 

Concentratton 

[Acenaphthene I NA I NA 1 414 I 3 I 2 - 3  I 
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' Statistical tests, mcluding the Gehan test, Quantile test, Slippage test, and t test, used to identlfy PCOCs 
* Stat~stlcal test used to idenbfy PCOCs based on a cornpanson to the background uTL9wp9 concenwon The mm is defined 

' All concentrattons reported in micrograms per liter except radionuclide concentrations, which a~ reported in picocunes per liter 
as the upper tolerance interval of the 59th percentlle at the *-percent confidence level 

Definitions 

NA not applicable 
PCOCs potentlal contaminants of concern 
X denotes that analyte was identified as a PCOC using the test(s) as noted 
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Table 4-20 
PCOCs in Surface Water from the East Landfill Pond (SW098) 
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Strontium-89,90 I X I I l o l l  0 I 1 I 0 4 - 1  613 
Uranium-238 X X 1511 5 2 0 3 - 1 5  

I Stat~shcal tests, mcludmg the Gehan test, Quantde test, Slippage test, and t-test used to idenhfy KOCs 
Stat~~hcal test used to idcnhfy PCOCs based on a companson to the background % concentnhon The UTL..., IS defined as the upper 
tolerance interval of thc 9hh pcrccnhle at the 99-percent confidence level 

’ All concentmuons reported u1 micrograms per liter, except radionuclide concenmons, which BIC reported in picocunes per liter 

Definitions 

NA not applicable 
PCOCs potential contaminants of concern 
X denotes that analyte was identified as a KOC using the test@) as noted 
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L Inferential Hat Sampllr 
Statistical Meaaurement . Detection Sam* : Concentration 

Table 4-21 
PCOCs in Surface Water from the 

North Groundwater Intercept System Discharge Point (SW099) 

~ 

Metals 

Banum I X I I 1511 8 I 170 I 59 5 - 382 
Caiaum X X 1911 9 I 62968 1 35 700 - 92 000 

Strontium I X I I 16/18 I 730 I 528 - 1,200 

Strontium-89,90 I X I I 515 I 1272 I 0 5767 - 1 778 
Uranium-238 X 515 I 3 2  I 0 3 - 6  192 

Radionuclides 

' 
* 
Statistical tests, including the Gehan test, Qwntlle test, Slippage test, and t-test, used to identlfy PCOCs 
Statrstml test used to identlfy PCOCs based on a cornpanson to the background 
tolerance mterval of the 99th percentrle at the %-percent confidence level 
All concentratrons reported in micrograms per liter, except radionuclides concentratrons, which are reported rn picocunes per liter 

concentratron The IS defined as the upper 
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NA not applicable 
NC not calculated 
PCOCs potential contaminants of concern 
X denotes that analyte was identified as a PCOC using the test@) as noted 
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Table 4-22 
PCOCs in Surface Water from the South Groundwater 

Intercept System Discharge Point (SWlOO) 

Amencium-241 X 212 0 4  0 045 to 0 8 
Gross Beta X X 313 17 6 - 33 

Uran turn-238 X X 313 1 7  0 2 - 2 475 
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I Statistxal tests, including the Gehan test, Quanhle test, Slippage test, and t-test, used to identify PCOCs 
Smstical test used to identify PCOCs based on a compmson to the background Ul'l+Wm concentration The Ul'l+Wm IS defined as the 
upper tolerance interval of the 99uI percenhle at the !%percent confidence level 

' All concenmons reported in micrograms per liter, except radionuclide concenmons, which are reported in picocunes per liter 

Definitions 

NA not applicable 
PCOCs potential contaminants of concern 
X denotes that analyte was identified as a PCOC using the test(s) as noted 
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Aluminum 
Antimony 
Arsenic 
Banum 
Beryllium 

Section 4 

X X 164/173 15 953 13 - 456,000 
X X 2611 69 27 8-115 
X X 8611 72 5 0 7 - 70 70 
X X 16311 73 314 161 -5060 
X X 411171 3 0 8 - 3 2  

Table 4-23 
PCOCs for UHSU Groundwater 

Chromium 
Cobalt 
Copper 
Iron 
Lead 

X X 12011 74 26 2 - 580 
X X 72/173 22 2 - 228 

X X I0911 73 160 2 - 7  140 
X X 16811 73 27 358 164-656 000 
X X 13311 73 14 1 -263 

1 

Cadmium I I X I 351173 I 3 I 1-19  
Calcium X X I 1731173 I 80,210 I 14,300 - 560,000 

Lithium I X I X I 132/173 I 38 I 26-266 
Magnesium X X I 1711173 I 19479 I 3 010 - 1 18 000 

Manganese I X I X I 170/173 I 841 I 2 2 - 9 260 
Mercury X X 1 2Z173 I 0 2  I 0 2 - 1  50 I 
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' Stahstical tests, including the Gehan test, Quantile test, Slippage test and I test. used to identify PCOCs 
* Statistical test used to idenhfy PCOCs based on a cornpanson to the background uTL99, concentration The uTL991p9 is defined as the upper 

tolerance interval of the 99th percenhle at the %-percent confidence levcl 
All concentnltlons reported in micrograms per liter, except radionuclide concentrations which are reported in picocunes per liter 

Definihons 

NA not applicable 
Pcocs potenhal contarmnants of concern 
UHSU upper hydmbattgraphic unit 

X denotes that analyte was identified as a PCW using the test(s) as norcd 

~ ~~ 
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Table 4-24 
PCOCs for LHSU Groundwater 

Chromium X 
Copper X 
Iron X 
Lead X 

i 

Infemntiat Hot* SmprS 

Tesb’ T d  Frequency Mean’ R8ng.S 

StatistIcaf Measurement Detection Sam* ConccHltmtion 

Dissolved Analytes 

17/19 36 300-204 
19/19 33 33-229 
19/19. 14 831 1 020 - 63 400 
18/19 19 1 1-115 

~~ 
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Analyte 
Lithium 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Tin 
Zinc 

X 311 9 55 10-532 
X 19/19 122 14 - 572 

Toluene I NA I NA I 5/64 I 3 I 1-5 
Total Xylenes NA NA I 164 2 1-5 
Semivolatllo Organic Compounds 
Bis(2-ethylhexyl)phthalate NA NA 2/14 6 4 - 24 
Di-n-Butyl Phthalate NA NA 1114 5 5 -  11 
Naphthalene NA NA 1/14 5 2- I1 
WaterQuality Parameten 

NitrateINitnte I I X I 36/44 I 858 I 20 - 2400 
' Stahshcal tests, including the Gehan test, Quantile test, Slippage test, and t test, used to identify PCOCs 

Statistical test used to idenhfy PCOCs based on a cornpanson to the background & concentration The uTL991p) is defmed as the upper 
tolerance interval of the 99th percentde at the %-percent confidence level 

' All concenmons nported in micrograms per liter, except radionuclide concentrations, which are reported in picocunes per liter 

Definitions 

LHSU lower hydrosmgraphic unit 
NA not applicable 
PCOCs potenhal contaminants of concern 
X denotes that analytcs was idenhfied as a PCOC using the test(s) noted 
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Table 4-25 
Frequency of Detection of Organic Compounds in Groundwater 
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Di-n-Butyl Phthalate I 1114 I I I I X 
Naphthalene j114 X 

I not used m total VOC calcul&ons because of infkquent analysis 

Definittons 

BTEX 
LHSU Iowa hydrosbabgraphic unit 
SVOCs sernivolatlle organic compounds 

UHSU upper hydroshatgmphic unit 
VOCs volatlle organic compounds 
X 

benzene, toluene, ethylbenzene, and xylenes 

denotes that analyte was used to calculate total concentrations 
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Data Compared to 
Sitewide Background Data 

Table 4-26 
Results of UHSU Stabstwal Compansons 

N uyber of Analyter Identiflod as PCOCt using SWstimL Inhnno Teats 
Metals (0lsr;ahrecVrotPI) Radlonuclkdes 

(DksohrWotal) Other 
All OU 7 UHSU Data' 14/25 
Landfill UHSU Data 1 U23 
Downgradrent UHSU Data 1 2/9 

' Used to develop OU 7 PCOC liist 

U2 1 (NrtratdNltnte) 
212 1 (Nltnte) 
5l2 1 (NitratdNitrite) 

De fi n i ti om 

OU operable unit 
PCOCs potential contaminants of concern 
UHSU upper hydrostratigraphic unit 

. 
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Data Compamd to Metals (DlssoIvbdFfotll) 
Sltsvvide Bwkgrottnd W 
Downgradient OU 7 LHSU 2018 
Data' 
Upgradient LHSU Data 611 4 

Table 4-27 
Results of LHSU Statistrcal Compansons 

Radionuclides 
( D l S S O f V W l f l ~ l ]  Other 

310 None 

111 None 

' Used to develop OU 7 PCOC list 

Definitions 

LHSU lower hydrostratigraphic unit 
OU operable unit 
PCOCs potential contaminant of concerns 

4-93 Drafi 4i1 17522O\sec4atbIs doc 



OU 7 Revised Work Plan Section 4 

AnatyC 

Table 4-28 
Summary of PCOCs by Media 

t subsurface 
Surhce G~~llogic S u h  

Soil' Mbbddr' Sdfmonts Wpb? . Groundwatd 

Strontium 
Thallium 
Tin 

Vanadium 
Zinc 

X X 
X 

X X 
X 
X X 

Antimony 
Arsenic X 
Banum X 
Beryllium 

I7522O\scc4atbls doc 4-94 Draft 411 5/94 
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Otethyl Phthalate 
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Sulfate I 1 1 I I X 
Total Dissolved Solids X A 

I I I I X I X 1 

combined PCOCs for MSS 203 and East Landfill Pond soils 
combmed PCOCs for surficial deposits and bedrock matenals 
combmed PCOCs fix seep, East Landfill Pond, and groundwater intercept system dwhiuge 

' comblned PCOCs for UHSU and LHSU groundwater 

Definitions 

LHSU lower hydrostrabgraphic unit 
PCOCs potenbal contaminants of concern 
UHSU upper hydrosmgraphic unit 

X denotes that analyte was idenhfied as a PCOC 
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NOTICE: 

Figure 4-5 through figure 4-6 have been divided 
into two parts but only the first page lists the 
figure number. 
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5. DATA QUALITY OBJECTIVES 

DQOs are qualitative and quantitative statements that specify the type, quality, and 
quantity o f  the data required to support agency decisions durmg remedial response 
activities The types o f  data, level of detail, and the data quality needed are determmed 
by the mtended uses o f  the data The quantity o f  data needed is determined by 
formulatmg mathematical expressions to solve the design problems and calculating the 
optmum sample size that satisfies DQOs DQOs should be specdied for each data 
collection acbvity, and the work should be conducted and documented m a manner that 
ensures that sufficient data o f  known quality are collected to support sound decisions 
about remedial action selection (EPA 1987) 

The DQO process consists o f  these seven steps (1) state the problem-review prior 
studies and existmg mformation to gam an acceptable understanding o f  the problem 
and concisely describe it, (2) identlfy the decision-identlfy the decision that will 
solve the problem using new data, (3) identlfy lnputs to the decision-identify the 
information needed to resolve the decision, (4) define the study area boundaries- 
speclfy the tme  period to whrch the decisions will apply and w i h  which the data 
should be collected, (5) develop a decision rule-use the outputs from previous steps 
to devise an “rf then” statement that defines condibons that would cause the decision 
maker to choose among alternauve actions, (6) specify llmits on decision errors- 
define acceptable decision error rates, considering the consequences of  making an 
incorrect decision, and (7) optmize the design for obtamng data-develop alternative 
samplmg designs usmg mformation from the previous steps (EPA 1993c) Developing 
DQOs is an iterative process, the conclusions from any step may influence prior steps 
and cause them to be redefined 

Thls secQon defines the types o f  decisions that will be made about design of  the 
presumptwe remedies, assessment of  the nature and extent o f  groundwater 
contammabon, and development of  a focused risk assessment Decisions were defined 
by identlfymg data users, developmg a site conceptual model, and specifying 
objectives for the project The DQO process presented in the Interm Final Guidance 
for Plannmg for Data Collection m Support o f  Environmental Decision Makmg Using 
the Data Quality Objectives Process (EPA 1993c) was used to identlfy the type, 
quantity, and quality o f  data needed to make decisions about remedial acbons at OU 7 

5- I Draft 411 5/94 



OU 7 Revised Work Plan Section 5 

5 1  

The DQO process has been integrated with the planmng process, and the results are 
incorporated into the SAP, presented in Section 6 of  this report 

Data Users 

Data users are divided into three groups decision makers, prmary data users, and 
secondary data users The decision makers for OU 7 are personnel from EG&G, DOE, 
CDH, EPA, and the Natural Resource Trustee who are responsible for decisions related 
to management, regulation, investigation, and remediation o f  OU 7 The decision 
makers are rnvolved through the review and approval process speclfted rn the IAG 
Prmary data users rnclude project managers, geoscientists, biologists, statisticians, risk 
assessment scientists, lawyers, and remedial design engmeers They will be involved 
m data collection, data analysis, human health risk assessment and envlronmental 
evaluation to support the National Environmental Policy Act (NEPA) envlronmental 
assessment, and design and mplementation of an IM/IRA Secondary data users 
mclude database managers, QA personnel, records control personnel, and laboratory 
managers 

5.2 Assessment of Existing Data 

Surface features, meteorology and climate, soils, geology, hydrogeology, surface-water 
hydrology, and ecology of the Present Landfill, MSS 203, the East Landfill Pond, and 
the adjacent spray evaporation areas within OU 7 are described m Section 2 o f  this 
report The quality and usability o f  all existing data are discussed in Section 3 Data 
aggregation and procedures for background comparison and PCOC identdkation, as 
well as an assessment o f  the nature and extent o f  contammation at the source (the 
landfill) and m soils, subsurface geologic materrals, sedunents, surface water, and 
groundwater, are presented m Sechon 4 This sechon presents the rabonale used to 
identlfy the type, quantity, and quality o f  data needed to make decisions about 
remedial actions at OU 7 QNQC 
requlrernents are presented m Section 7 

The resulting S A P  is presented in Secbon 6 

5.3 Objectives and Approach 

For the purpose o f  streamlined site characterizahon and site remediation, OU 7 has 
been divided mto three areas groundwater and surface water, East Landfill Pond 
sedments and adjacent soils potentially affected by spray evaporation, and the Present 
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Landfill and IHSS 203 The DQO process outlined in the EPA guidance document 
(EPA 1993c) is most applicable to groundwater and surface water and East Landfill 
Pond sediments and adjacent soils because the quantitative environmental decisions to 
be made requrre the collection of field data The DQO process is least applicable to 
the Present Landfill because decisions are made on the basis of presumptive 
remediation (1 e ,  experience gained from other similar sites) rather than quantlfrcation 
of envlronmental decisions, decision error rates, and uncertamty embodied m steps 5 

and 6 of the DQO process, and the quantitative method m the DQO process is often not 
applicable to the types of data needed to support remedial design 

, 

5.4 East Landfill Pond Sediments and Adjacent Soils 

The seven-step DQO process used to idenMy the type, quantity, and quality of data 
needed to make decisions about remedial actions for East Landfill Pond sedlments and 
adjacent soils is described m detail below 

5 4 I State the Problem 

A Phase I RFVRI was conducted at OU 7 m 1992 and 1993 to characterize the sources 
of contamination and to describe the nature and extent of contamination present at the 
source and m soils Results of the Phase I RFVRI provide mformation that descnbes 
contammation in East Landfill Pond sediments and adjacent soils where spray 
evaporation of pond water occurred, such as analyte concentrations m soils collected 
from two depth intervals (0 to 2 mches and 0 to 10 inches) and analyte concentrations 
m pond sedunents Information on soil type, vegetative cover over soils, cllmate data 
(wind directions, speeds and stability classes, precipitation and evapotrampuaQon 
rates), surface runoff rates, migration pathways for contaminants m soil and sediment 
(wmd dispersion, vegetable or plant uptake, leaching, and dlrect contact), and exposure 
pathways for human and ecological receptors (mhalation, ingestion, and dermal 
contact) was also obtamed (DOE 1993b) Other sources of data mclude background 
geochemical data descnbmg soils (DOE 1993c) and sedments (EG&G 1993a) and 
data from sitewide hydrologic and geologic characterization programs (EG&G 199 1 a, 
EG&G 1992% EG&G 1992e, EG&G 1994c) 

Data collected during the Phase I RFVRI are considered usable for site 
charactenzation, risk assessment, and remedial design activitm Other data collected 
smce 1990 are also considered fully usable The 1990 data represent the first full year 

5-3 haft 4/15/94 



OU 7 Revised Work Plan Section 5 

o f  data collection followmg mplementation o f  sampling and data quality guidelines in 
the GRRASP (EG&G 199 1 g) and SOPS (EG&G 1992c) Data collected prior to 1990 
can be used qualitatively 

A Corrective Action Management Unit (CAMU) strategy has been recommended to 
manage remediation wastes at OU 7 Under the fmal rule (58 Federal Register FR 
8662), remediation wastes generated within the boundaries o f  a DOE site can be 
managed m a CAMU at the site without being subject to land disposal restrictions 
(LDRs) As applied to OU 7 and OU 6 MSSs withm OU 7, contammated surface soils 
around the East Landfill Pond and m MSSs 166 1, 166 2, 166 3, 167 1, 167 2, and 
167 3, and contammated pond sediments can be excavated and placed m the Present 
Landfill before the landfill is capped The CAMU will help mplement a cost-effective 
remedy for contammated soils and sediments Because the CAMU (Present Landfill) 
is a regulated umt, the previously applicable RCR4 subtitle D groundwater 
momtormg, closure and post-closure care requirements will continue to apply 

Data analysis activities to identlfy PCOCs for East Landfill Pond sediments and 
adjacent soils through Statistical comparisons o f  onsite contammant concentrations 
versus background concentrations are summarized in Section 4 As agreed by CDH, 
EPA, and DOE, PCOC identlfication is based on statistically sigdicant differences in 
analyte concentrations m site data versus background data Professional judgment is 
applied only to spatial distribution, temporal distribution, historic information 
regardmg past operations at the site, inter-element correlations, mass balance 
calculations, and knowledge o f  hydrology, geochemistry, and geology of  the site to 
determine If analyte concentrations are indicative o f  contammation Section 4 also 
presents the nature and extent of  contamination in sedments and surface soils 

The remamng problems are to identify and to describe fully the effects to soils and 
sedments resultmg from contammant releases from the landfill (leachate that seeps 
mto the pond) aqd spray evaporation areas around the pond, and to determine the 
contammants that present a risk to human health and the environment and the 
appropriate response action required to reduce those risks 

5 4 2 Identi& the Decision 

To resolve the remamng problems, it is necessary to determme if  concentrations of  
constituents m pond sedments and soils present a risk to human health or the 
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envuonment Then, it is necessary to determine what response actions are required to 
reduce risk to an acceptable level 

The actions or outcomes that result from resolution of the decision are either no action 
if there is no risk associated with contaminated envuonmental media or remediation if 
contammated media pose a risk to human health or the environment The media (pond 
sedlments and soils) comprise two distinct populations that have potentially different 
outcomes and associated actions 

5 4 3 Identib the Inputs to the Decision 

To determme whether remediabon is needed, mformahon that is not currently 
avmlable, but requlred to make a decision, includes estunates of the risk to human 
health and the envuonment resulting from exposure to contammants associated with 
the East Landfill Pond sedunents and adjacent soils 

Information needed to estunate exposures and potential toxicity includes contaminant 
release mechamsms, delmeation and characterization of exposure pathways, and 
delineation of the nature and extent of contammabon includmg volume of 
contammated media and total areal concentrations of contaminants The approach and 
methods for estmatmg exposure to human and ecological receptors will also be 
requlred Contammants of concern (COCs) for human receptors m East Landfill Pond 
sedments and adjacent soils will be identified Toxlcological mformation such as 
slope factors and reference doses (RFD) associated with the COCs will be required, as 

will exposure pomt concentrations for COCs Determmabon of what constitutes 
unacceptable risk will be made by risk managers at DOE, CDH, and EPA, using site- 
speclfic mformation to develop the criteria 

Response acbons will be selected based on the amount of risk reduction required and 
the remediation technologies available Speclfic mformation needed to screen 
remediation alternatives mcludes exposure pathways and points that result in 

unacceptable risks to human health and ecological receptors Information on the 
effectiveness of remedial alternatives in reducing releases and exposures associated 
with exposure pathways will also be required 

Sources for each item of mformation have been identdied Approach and methods to 
use m estunatmg exposures will be identified m the revised human-health risk 
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assessment exposure scenarios technical memorandum and model description technical 
memorandum COCs will be presented in the COC identlfication technical 
memorandum, on the basis of site-specific data and toxlcity information available 
through EPA Toxicological information on COCs will be developed in the toxicity 
assessment technical memorandum Each techrucal memoranda will be approved by 
CDH and EPA for use in the risk assessment Remedial alternatives will be evaluated 
rn the IM/IRA decision document Pond sediment samples will be collected and 
physical properties measured under the S A P  (Section 6), If necessary 

An assessment to determme the risk associated with contammated soils or sediments is 
needed to determme the action level EPA-approved field samplmg techruques and 
analpcal methods were used to collect the necessary data The risk assessment will be 
performed following EPA guidelines for exposure assessment (EPA 199 1 b, EPA 
1992b) 

5 4 4 Define the Bounhries of the Study 

In general, the geographc area within which all decisions must apply includes all areas 
w i t h  the boundary of OU 7, including surface areas adjacent to the East Landfill 
Pond and pond sediments 

Each population of mterest is defined by several characterishcs Pond sedunents are 
defrned by the concentrations of PCOCs in the sedunent and by the volume and 
distnbution of contammated sedunents Soils are defined by the concentrations of 
PCOCs in soil and the volume and distribution of contaminated soil 

All data collected from 1990 through 1993 will be used to make the decisions 
Sufficient data have been collected to make decisions about the need for remediation 
However, potenhal designation of areas near the East Landfill Pond as wetlands may 

affect remediation acbvities 

5 4 5 Develop Decision Rules 

The first step to developing a decision rule is to specify the parameters that 
characterize the population of interest The average concentration of each PCOC, the 
distribution of contaminants, and the risk associated with contamrnants provides a 
means of characterizmg East Landfill Pond sediments The average areal 
concentrabon of each PCOC, concentrations of PCOCs at hot spots, the distribution of 
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contaminants, and the risk associated with contaminants characterizes the extent of 
contammation m soils The next step is to specify the action level for the study For 
sedments and soils, a risk-based value will be the action level 

Two decision rules were developed for pond sedments 

1 If the concentration of PCOCs in pond sedments does not exceed the risk-based 
standard, no action is requlred 

2 If the concentration of PCOCs m pond sediments exceeds the risk-based standard, 
removal actions or other risk-reduction actions as part of the CAMU are required 

Two decision rules for the extent of contammation in soils apply 

1 If the concentration of PCOCs in surface and shallow subsurface soils does not 
exceed the risk-based standard, no action is requlred 

2 If the concentration of PCOCs m surface and shallow subsurface soils exceeds the 
risk-based standard, removal or risk-reduction actions as part of the CAMU are 
required 

5 4 6 Specifi Acceptable Limits on Decision Errors 

Decision error rates are based on consideration of the consequences of making 
incorrect decisions Decision error rates are used to establish appropriate performance 
goals for limiting uncertamty Establishmg acceptable error rates is necessary prior to 
determmmg the appropriate number of data (samples or tests) necessary to support the 
decision with a speclfied level of confidence given potential effects on cost, schedule, 
resource expenditure, human health, and ecological conditions (EPA 1993c) 

Two decision errors for East Landfill Pond sediments and adjacent surface soils are 
deciding that analyte concentrations exceed risk-based standards when they actually do 
not, and decidmg that analyte concentrations do not exceed risk-based standards when 
they actually do The consequence of decidmg that analyte concentrations exceed risk- 
based standards when they actually do not will be the additional cost incurred when 
excavatmg sedments or surface soils that are not contammated The consequence of 

decidmg that analyte concentrations do not exceed nsk-based standards when they 
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actually do may possibly endanger human health or the environment Also, additional 
costs may be mcurred at a later date for environmental cleanup 

To reach a decision, a null hypothesis (&) is formulated so that any reading above the 
risk-based standard (delta) can be detected with a known probability Ths probability 
is known as the power of the test The power of a stamtical test is defined as one 
minus the Type I1 error rate For East Landfill Pond sedments and adjacent surface 
soils, the & is sediment or surface soil concentrauons exceed risk-based standards 
The alternahve hypothesis (€I& is sedment or surface soil concentratrons do not 
exceed risk-based standards False positive decision errors (Type I) occur when the I& 
is erroneously rejected (Table 5-1) Ths decision error occurs when sediment or 
surface soil concentrations are determmed not to exceed risk-based standards when 
they actually do False negative decision errors (Type 11) occur when the I& is 
erroneously accepted Ths decision error occurs when sediment or soil concentrations 
are determined to exceed risk-based standards when they actually do not 

To defme decision errors and assess potential consequences of incorrect decisions, it is 
necessary to determme the range of possible concentratrons on either side of a 
numerical standard where the consequences of decision errors are relatively minor 
(defined by the value delta), assign probability values for Type I and Type I1 errors 
(1 e ,  alpha and beta) that reflect the acceptable probability for the occurrence of 
decision errors, and check the limits on the decision errors to ensure that they 
accurately reflect the relative consequences for each type of decision error 

A range of concentrations about the action level (risk-based standard) must be 
specified where the consequences of decision errors are relatively minor A range 
from plus 12 5 percent to mmus 12 5 percent of the risk-based standard has been 
selected to reflect the concentration range where the consequences of decision errors 
are relatwely mmor and costs associated with mprovmg the ability of the test to 
discern between the null and alternative hypotheses are hgh Increasrng h s  range 
decreases the power of the test to detect concentrations greater than the risk-based 
standard However, mcreasing the width of the gray area decreases the number of 
samples necessary to acheve the desired performance of the test Choice of an area of 
plus or minus 12 5 percent of the risk-based standard is a compromise between 
increased performance of the statistical test and mcreased cost and schedule impacts 
Choice of the Type I error rate was based on common statistical practices 
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Probability values to pomts above and below the action level were chosen to reflect the 
acceptable probability for the occurrence of decision errors, acceptable decision error 
rates are chosen as 5 percent for the false positive decision error (Type I error) and 20 
percent for the false negative decision error (Type I1 error) 

5 4 7 Optimize the Design 

The objectwe of h s  step is to identlfy the most resource-effectwe samplmg design 
expected to generate data that satisfies the DQOs specified m the precedmg steps The 
DQO outputs and exlstmg envlronmental data were reviewed and general sampllng and 
analysis design alternatives were developed 

Statistical methods were used to estmate the sample sizes needed to meet DQOs and 
support decisions The sample sizes needed to meet DQOs for comparmg mean 
concentrations of PCOCs m soils and sedments a g m t  ARARs or prelunmary 
remediation goals (PRGs) were calculated for each PCOC with greater than 50 percent 
detectable results (EG&G 1994b) Assuming simple random samplmg, the followmg 
equation (EPA 1993 c) was used 

where 

n 

o2 

Z 

a 

P 
A 

= number of samples 

= sample variance 

= 

= Type I error rate 

= Type II error rate 

= 

standard normal probability values (from stabstical tables) 

25 percent of the ARAR (or PRG) 

Thrs method was used to calculate the sample sizes required to support decisions and 
meet the data quality objechves for surface soils and sedments as discussed below 
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5 4 7 1 Surface Soils 

Statistical comparisons identified only three PCOCs in surface soils from the area 
around the East Landfill Pond However, numerous additional PCOCs were identrfied 
on the basis of UTL exceedances The sample locations with UTL exceedances are 
randomly distributed across the site Therefore, risk will be calculated on the basis of 
the area-wide exposure umt (EPA 1989b) and the sample-size calculations for soils 
give the number of samples required from the entlre area around the East Landfill 
Pond 

Table 5-2 presents the results of sample-size calculations for surface soils around the 
East Landfill Pond In general, the number of surface soil samples collected during the 
Phase I RFI/RI far exceed the m i m u m  required to support the DQOs In cases where 
exlstmg samples are not sufficient to characterize PCOC concentrations, a large 
number of samples must be collected The costs for collection and analysis of the 
additional samples are prohibitively high, and not jusflied to obtam more data in 
support of the risk assessment However, additional sampling is warranted to 
characterize the nature and extent of surface-soil contamination further and to assess 
the impacts of recent gradmg activities performed by Waste Operations since the Phase 
I investigabon 

Additional samplmg is warranted at locations where analyte concentrations exceed 
A R A h  or the UTL99,99 concentration However, because few ARARS exist for soil, 
the draft prelmmary remediation goals (PRGs) presented in Programmabc Preliminary 
Remediation Goals for Rocky Flats Plant (EG&G 1994c) were used as substitutes for 

ARAR values if necessary Verification samples at locations exceeding the UTL99 99 

concentration or ARARS/PRGs are justified because comparison to a UTL or PRG 
value is not a formal statistical test and, therefore, no false positive errors can occur 
Verficauon samples will be collected at each location where the UTL or PRG value 
was exceeded Additional samples will be collected adjacent to locations where the 
PRG value was exceeded to delineate the area of soil where PCOC concentrations 
exceed PRG values (Table 5-3) If future revisions of PRGs result in concentrations at 
certam locations no longer exceeding these values, verlfication sampling will not be 
conducted at these locations 

OU 7 Revised Work Plan Section 5 
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PCOCs were identified for surface soils at MSS 114 and MSS 203 but presumptive 
remediation will address contamination Therefore, no additional surface soil sampling 
will be performed m these IHSS areas 

5 4 7 2 Pond Sediments 

A large number of PCOCs were idenbfied for pond sediments The existing data are 
suf'ficient and adequate to support a risk assessment and determme the need to 
remediate However, addibonal samplmg may be warranted to support selection of a 
remedial technology m the event that the CAMU strategy for OU 7 1s not approved by 
the regulatory agencies 

Table 5-4 presents the results of sample-size calculations (refer to Section 5 4 7) for 
East Landfill Pond sedments Only two samples are needed to characterize the 12 
PCOCs in pond sedments for which there is an ARAR or PRG value Therefore, the 
three sedment samples currently available suf'ficiently characterize the concentrations 
of these PCOCs in sediment from the East Landfill Pond These 12 PCOCs include 
VOCs, SVOCs, metals, and radionuclides For the r e m m g  PCOCs, a mmimum of 
400 additional samples are needed However, for these five PCOCs, the sample means 
all exceed the ARAR or PRG by at least one order of magtutude Given the magnitude 
of these exceedances, it is not likely that additional data will affect the decision to 
remediate pond sedments Because the available data already strongly support a 
decision to take remedial actions, no additional samplmg and characterization of pond 
sediments is recommended The depth of and area covered by pond sediments will be 
determmed after the pond has been dramed and pnor to development of remedial 
strategies 

5 5  

5 5 1  

Groundwater and Surface Water 

The seven-step DQO process used to identify the type, quantity, and quality of data 
needed to make decisions about remedial actions for groundwater and surface water is 
described m detal below 

State the Problem 

A Phase I RFI/RI was conducted at OU 7 in 1992 and 1993 to characterize the sources 
of contamination and to describe the nature and extent of contammation present at the 
source and in soils Other sources of data for OU 7 include background geochemical 

I 
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data (EG&G 1993a), RCRA groundwater monitoring results for the Present Landfill 
(EG&G 1993c), and data from sitewide groundwater and surface water 
characterization programs (EG&G 199 1 a, EG&G 199 1 e, EG&G 1992e) Results of 
the Phase I RFI/RI and other investigations provide information on groundwater and 
surface water quality at the site includmg dissolved and total analyte concentrations in 
groundwater from the UHSU and LHSU, and analyte concentrations m surface water 
from the pond and the two intercept system discharge points Information to determine 
groundwater flow paths and hydraulic gradients in the UHSU and LHSU m the vicmity 
of the landfill, hydraulic conductivity estmates for geologic units in the UHSU and 
LHSU, migration pathways for contaminzits m surface water and' groundwater, and 
exposure point concentrations and exposure pathways for human and ecological 
receptors described m the Exposure Scenarios Techmcal Memorandum for OU 7 
(DOE 1993b) was also obtamed 

Data collected during the Phase I RFI/RI and other investigations are considered usable 
for site characterization, risk assessment, and remedial design activities In addition, 
other data collected smce 1990 are considered fblly usable because the 1990 data 
represent the first full year of data collection followmg implementation of sampling 
and data quality guidelmes 111 the GRRASP (EG&G 1991g) and task-specific SOPS 
(EG&G 1992c) Data collected prior to 1990 can be used qualitatively 

Data analysis activities to identify PCOCs for groundwater and surface water through 
statistical comparisons of OU 7 contammant concentrations versus background 
concentrations are summarized m Section 4 As agreed to by CDH, EPA, and DOE, 
PCOC identfication is based on statistically s igdkant  differences m analyte 
concentrations in site data versus background data Professional judgment is applied 
only to spatial distnbution, temporal distribution, hstoric informabon regardmg past 
operations at the site, mter-element correlations, mass balance calculations, and 
knowledge of hydrology, geochemistry, and geology of the site to determme If analyte 
concentrations are mdicative of contammation Section 4 also presents the nature and 
extent of contammation in groundwater and surface water 

As discussed previously, a presumptive-remedy strategy has been adopted for the 
landfill to streamlme site characterization and site remediation The East Landfill 
Pond will be clean-closed m concert with the presumptive-remedy strategy Surface 
water may be considered a listed waste under RCRA, and therefore, leachate flow to 
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the pond must be stopped before the surface water can be delisted After being 
delisted, surface water from the pond will probably be pumped to a treatment facility 
at the site It is assumed that remediation of pond sediments will be addressed under 
the CAMU strategy discussed m the next section The presumptive remedy does not 
address the long-term groundwater response action 

The remamng problems are to 

1 Identlfy and fblly describe the impacts to groundwater resultmg from contaminant 
releases from the landfill (nature and extent of contammabon) to determme 
whether these mpacts requlre a response action, 

2 Design a momtoring network that will meet requirements for post-closure care of 
the Present Landfill based on an analysis of contammant fate and transport, and 
plug and abandon existing wells that will not be part of the monitoring network, 
and 

3 Identlfy discharge requlrernents (or regulations for delisting) for surface water to 
clean close the East Landfill Pond 

5 5 2 Identi& the Decision 

The followmg three decision questions have been identlfied to resolve the remamng 
problems 

1 Are concentrations of PCOCs in UHSU or LHSU groundwater above or below 
ARARs and will response actions be requlred? 

2 Are locations of emstmg wells adequate to meet ongomg groundwater monitoring 
and post-closure care requirements7 

3 Are analyte concentrations in surface water above or below discharge 
requlrernents and will response actions be required? 
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The actions or outcomes that result from resolution of each of the decisions are as 

follows 

1 No action is requlred if analyte concentrations in the UHSU or LHSU 
Collection and treatment of groundwater is groundwater are below ARARs 

required if analyte concentrations exceed ARARs 

2 No action is requlred if locations of wells are adequate for ongoing groundwater 
momtormg and post-closure care requlrernents Additional wells are required if 
locations of emsting wells do not meet requlrements for ongomg groundwater 
momtoring and post-closure care 

3 No action is requlred if analyte concentrations m surface water are below 
ARARs Treatment of surface water prior to discharge is requlred if analyte 
concentrations exceed ARARs 

5 5 3 Identify the Inputs to the Decision 

Information that is not currently available but that will be requlred to make decisions 
includes chemical-speclfic ARARs for OU 7, developed from Rocky Flats 
benchmarks, location-specific ARARS, action-spec& ARARs, requirements for the 
post-closure groundwater-momtoring program, v e r t 4  and areal extent (downgradient 
lmit) of impacted groundwater, and requirements for clean closure of surface 
impoundments and treatment or delisting of listed waste (RCRA FO 39) 

Sources for each item of information identified above include the draft ARARs 
document for OU 7 (EG&G 1994d), State Subtitle D and RCRA Subtitle C closure 
reqwements (lf applicable), additional downgradient momtoring wells along 
groundwater migration pathways from known source areas, and clean-closure 
requlrernents for the East Landfill Pond and RCRA requirements for delisting an 
FO 39 listed waste 

The action level is the measurement threshold that provides the criterion for choosmg 
between alternative actions (EPA 1993c) ARARs are the basis for action levels for 
groundwater and surface water, when and where available 

EPA-approved field samplmg techniques were and will be used to collect the necessary 
data (EG&G 1992c) Samples collected will be subjected to Level IV and V analytical 

175220\sect1onSdoc 5-14 Drat? 4/15/94 



OU 7 Revised Work Plan Section 5 

procedures and reportmg requlrements 
analyses are specified in the GRRASP (EG&G 1991g) 

The detection and quantitation limits for 

5 5 4 Define the Bounkries of the Study 

The geographic area within which all decisions must apply includes the East Landfill 
Pond, the groundwater intercept system discharge points for surface water, and the 
areal extent of contammant plumes in groundwater outside the Present Landfill that 
origmate from OU 7 (includes the vertical extent of contamination) 

Each population of mterest is defined by several characteristics ‘WSU and LHSU 
groundwater is defmed by the concentrations of PCOCs withm each HSU and the 
downgradient lunit of concentrations exceedmg applicable or relevant and appropriate 
requirements (ARARs) The extent of groundwater contammation is defined by the 
monitormg-well network configuration with respect to current and predicted plume 
geometry Surface water from the pond and intercept system discharge points is 
defmed by the concentrabons of PCOCs at each location sampled 

All data collected from 1990 through 1993 will be used to make the decision Practical 
constramts on the data collection include limited road access in No Name Gulch to 
collect samples and mtall wells, if required, wetlands’ issues for the drainage, 
schedule constramts, and sample independence issues on the number and frequency of 
groundwater samples needed from all groundwater momtoring wells, including new in 

No Name Gulch, If required, and schedule constramts related to the time required to 
perform laboratory analysis and validate laboratory analytical procedures 

5 5 5 Develop Decision Rules 

The first step in developing a decision rule is to specify the parameters that 
characterize the population of interest The spabal extent of groundwater with 

concentrabons exceeding ARARs provides a means of characterizmg UHSU and 
LHSU groundwater The average concentration of PCOCs at each well is used to 

define the spatial extent of groundwater concentrations exceedmg ARARs The 
average concentrabon of PCOCs at each sampling location characterrzes surface water 
from the pond and intercept system discharge pomts The next step is to specify the 
action level for the study ARARS are the action level for groundwater and surface 
water 
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Two decision rules were developed for UHSU and LHSU groundwater 

1 If the concentration of PCOCs does not exceed ARARs, no action is required 

2 If the concentration of PCOCs exceeds ARARs, design and implement a response 
action as part of the IM/IRA decision document 

Two decision rules were developed for groundwater monitormg requlrements 

1 If downgradient momtormg wells are located along migration pathways and are 
adequate for defmng the spatial extent of contamination, no' hrther action is 
requued 

2 If downgradient momtonng wells are not located along migration or are not 
adequate for d e f w g  the spatial extent of contaminabon, install additional 
momtormg wells to detect contaminant releases downgradient of the landfill to 
fulfill the monitoring requuements for post-closure care and adequately define the 
extent of groundwater contammation Wells will be installed during Phase I1 and 
potentially during the IM/IRA for performance monitormg 

Two decision rules were developed for surface water from the pond and intercept 
system discharge pomts 

1 If the concentrahon of PCOCs does not exceed ARARs, no action is required 

2 If the concentration of PCOCs exceeds ARARs, then treat or delist surface water as 

appropriate 

5 5 6 Specifi Acceptable Limits on Decision Errors 

The decision error rates are based on consideration of the consequences of making 
incorrect decisions given potential impacts to cost, schedule, resource expenditure, 
human health, and ecological conditions @PA 1993c) Decision error rates are used to 
establish appropriate performance goals for limitmg uncertamty Establishing 
acceptable error rates is necessary prior to determmg the acceptable number of data 
(samples or tests) necessary to support the decision with a specified level of 
confidence 

~~ ~ 
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The two decision errors for groundwater and surface water are deciding that analyte 
concentrations exceed ARARs when they actually do not, and deciding that analyte 
concentrations do not exceed ARARs when they actually do The consequence of 
deciding that analyte concentrations exceed ARARs when they actually do not will be 
additional cost incurred for installing unneeded treatment systems The consequence 
of decidmg that analyte concentrations do not exceed ARARs when they actually do 
could possibly endanger human health or the envlronment Also, additional costs may 
be incurred at a later date for envlronmental cleanup 

To reach a decision, an €&, is formulated so that a given Concentration above the ARAR 
(delta) can be detected with a known probability This probability is known as the 
power of the test The power of a statistical test is defined as one minus the Type I1 
error rate For groundwater and surface water, the I-& is groundwater or surface water 
concentrations exceed ARARs The H, is groundwater or surface water concentrations 
do not exceed ARARs False positive decision errors (Type I) occur when the null 
hypothesis is erroneously rejected (Table 5-1) This decision error occurs when 
groundwater or surface water concentrations are determmed not to exceed ARARs 
when they actually do False negative decision errors (Type 11) occur when the H,, is 
erroneously accepted The false negative decision error occurs when groundwater or 
surface water concentrations are determmed to exceed ARARs when they actually do 
not 

To defme decision errors and assess potential consequences of mcorrect decisions, it is 
necessary to determine the range of possible concentrations on either side of a 
numerical standard (ARAR) where the consequences of decision errors are relatively 
mmor (defined by the value delta), assign probability values for Type I and Type I1 

errors (1 e ,  alpha and beta) that reflect the acceptable probability for the occurrence of 
decision errors, and check the limits on the decision errors to ensure that they 
accurately reflect the relative consequences for each type of decision error 

A range of concentrations about each action level (ARAR) is specfied where the 
consequences of decision errors are relatively mmor A range from plus 12 5 percent 
to minus 12 5 percent of the ARAR concentration has been selected to reflect the 
concentration range where the consequences of decision errors are relatively mmor and 
cost and schedule impacts associated with improving the ability of the test to discern 
between the null and alternative hypotheses are high Increasing this range decreases 

~ ~ 

175220kect1onS doc 5-17 haff 4/15/94 



OU 7 Revised Work Plan Section 5 

the power of the test to detect concentrations greater than the ARAR However, 
increasing the range decreases the number of samples necessary to achieve the desired 
performance of the test A range of plus or minus 12 5 percent of the ARAR has been 
chosen as a compromise between increased performance of the statistical test and 
increased cost and schedule impacts The Type I error rate was chosen on the basis of 
common statistical practices 

Probability values to points above and below the action level were chosen to reflect the 
acceptable probability for the occurrence of decision errors, acceptable decision error 
rates are chosen as 5 percent for the false positive decision error (Type I error) and 20 
percent for the false negative decision error (Type 11 error) 

5 5 7 Optimize the Design 

The objective of thls step is to identlfy the most resource-effective samplmg design 
expected to generate data that satisfies the DQOs specified m the precedmg steps The 
DQO outputs and exlsting envlronmental data were reviewed and general sampling and 
analysis design alternatives were developed Widespread contamination is present m 
the UHSU and additional wells are needed for plume delineation However, the 
number and location of additional wells needed to delmeate contammation fiirther in 
UHSU groundwater is determined qualitatively in Section 5 5 7 2 and presented 111 the 
SAP (Section 6) 

PCOCs were identified m the UHSU, LHSU, and all surface water samplmg locations 
Sample sizes needed to describe analyte concentrations and make comparisons of mean 
concentrations to ARARs were calculated for each PCOC with greater than 50 percent 
detects for groundwater and surface water Assummg smple random samplmg, the 
followmg equahon (EPA 1993c) was used 

where 

n = number of samples 

o2 = samplevariance 
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2 = standard normal probability values (from statistical tables) 

a = Type1 errorrate 

p = Type I1 errorrate 

A = 25 percent of the A U R  or PRG 

The results of sample-size calculations for surface water and groundwater are 
presented m Table 5-5 and Table 5-6, respectively 

Surface Water 
. 

5 5 7 1 

The majority of the PCOCs in surface water are adequately characterized by the 
existmg data (Table 5-5) Many of the analytes that are not sufficiently characterized 
have sample means that are orders of magnitude greater than the value of the ARAR to 
whch they are compared indicatmg that some PCOCs clearly exceed ARARS and 
remediabon of surface water will be necessary Additional data are not likely to affect 
the decision to remediate surface water Therefore, the collection of additional 
samples is not warranted and additional sampling of surface water, beyond that 
normally conducted as part of the quarterly monitoring program, is not recommended 

5 5 7 2 Groundwater 

The majority of PCOCs in groundwater are adequately characterized by existing data 
(Table 5-6) Some of the PCOCs that are not sufficiently characterized are major ions 
(alummum, iron, and manganese) in groundwater The sample means and variances 
for the concentrations of some of these constituents are large values The sample-size 
calculations indicate that large numbers of samples are requlred to characterize the 
concentraQon of these PCOCs rn groundwater for comparison with ARARS However, 
the mean concentrations of some of these PCOCs are orders of magnitude greater than 
ARARS mdicatmg that some PCOCs clearly exceed ARARS and remediation of 
groundwater will be necessary Additional data are not likely to affect the decision to 
remediate groundwater Therefore, additional groundwater samplmg, beyond that 
normally conducted as part of the quarterly monitoring program, is not recommended 
The installation of additional wells, however, IS recommended to elmmate the data 
gaps discussed below 
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5.6 

Sample sue  calculations for organtc compounds were not performed for one of two 

reasons either the analyte was not detected in at least 50 percent of the samples, or no 
ARAR exlsted for the analyte Analytes detected in more than 50 percent of the 
samples but for which no ARAR exlsts included 172-dichloroethane-D4, toluene-DS, 
and bromofluorobenzene Sample size calculations for analytes with fewer than 50 
percent detections are not appropriate because sample variances may be artficially 
reduced through substitution of detection limit values for results below the detection 
lmit (nondetects) If multiple detection llmits are reported m the data, sample size 
calculabons would be largely based on the variability of detection llmits Because the 
stabstical methodology was not appropriate other quanbtative tech&ques were used to 
determine the data requlred to charactenze contammation of groundwater by organic 
compounds The decision to remediate organics m groundwater is based on the 
analysis of the nature and extent of groundwater contammation discussed in Section 
4 7  

Data gaps m the groundwater momtoring network were identfied qualitatively based 
on the site conceptual model and the isoconcentration maps presented m Section 4 7 
Addibonal wells are recommended to characterne potential contammant migration 
pathways and improve descriptions of the spatial distributions of contaminants in 
groundwater Additional wells are recommended at four locations (1) north of the 
East Landfill Pond downgradient of MSS 167 1, (2) south of the East Landfill Pond 
downgradient of MSSs 166 1, 166 2, and 166 3, (3) downgradient of the East Landfill 
Pond m No Name Gulch above the confluence with the mtermittent stream draining 
MSS 167 1, and (4) in No Name Gulch below the confluence with the intermittent 
stream d r w g  MSS 167 1 An additional well installed in No Name Gulch above the 
confluence with North Walnut Creek as part of the site characterization program may 
also be used to characterize contaminant transport m No Name Gulch 

Present Landfill and IHSS 203 

The seven-step DQO process used to identify the type, quantity, and quality of data 
needed to make decisions about remedial actions for the Present Landfill and IHSS 203 
is described m detrul below 
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5 6 1 Statement of the Problem 

A Phase I RFI/RI was conducted at the Present Landfill and IHSS 203 in 1992 and 
1993 to characterize the sources of contamination within OU 7 and to describe the 
nature and extent of contamination present at the source and in soils Results of the 
Phase I RFI/RI provide information to develop a site hydrogeologic model, to calculate 
hydraulic conductivity values for bedrock underlymg the landfill, and to describe 
groundwater flow paths and hydraulic gradients withm the landfill 

Information descnbmg the contammant source, such as total volurqe and areal extent 
of landfill waste, depth of landfill waste and elevation of subgrade, qualitative 
descriptions of waste materials, age of landfill waste, appromate amount of interm 
soil cover matenal per lrft, and volume of saturated landfill waste was also obtained 
The volume and composition of leachate, leachate-head measurements, estunates of 
leachate-seep rates, volume and composition of landfill-generated gases, and areas with 
hgh concentrations of explosive gas were determmed In addiuon, the effectiveness of 
the emsting contamment system (mtercept system) was investigated and approxlmate 
areas were identlfied where the system is not functional 

Information from the Phase I RFI/RI and other mvestigations mclude in situ 
permeability of the interm soil cover material estimated from existrng geological 
information, classification of soils around the landfill usrng the Umfied Soil 
Classification System (USCS), climate data such as evapotranspiration and 
precipitation data, input parameters for the LANDFIL2 model to predict gas emission 
rates, and exposure pathways for human and ecological receptors described in the 
human health risk assessment exposure scenarios techmcal memorandum (DOE 
1993b) Other sources of data include background geochemical data (EG&G 1993a), 
RCRA groundwater momtoring results for the Present Landfill (EG&G 1993c), and 
data from sitewide groundwater, surface water, and geologic characterization programs 
(EG&G 1991a, EG&G 1991e, EG&G 1991f, EG&G 1992e) 

Data collected during the Phase I RFI/RI are considered usable for site characterization 
and remedial design activities Other data collected since the start of 1990 are also 
considered hlly usable The 1990 data represent the first full year of data collection 
followmg mplementation of sampling and data quality guidelrnes outlrned in the 
GRRASP (EG&G 1991g) and SOPS (EG&G 1992c) Data prior to 1990 can be used 
qualitatwe1 y 
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Prior to the completion of the Phase I RFI/RI and the initiation of Phase 11, the focus of 
mvestigations at OU 7 shifted as a result of the adoption of  the presumptive-remedy 
strategy for streamlmed site characterization and site remediation The presumptive 
remedy for CERCLA municipal landfill sites relates primarily to containment of the 
landfill mass including the control or collection and treatment of leachate-groundwater 
and landfill gas The presumptive remedy does not address exposure pathways outside 
the source area, nor does it include the long-term groundwater response action 

Thus, the problem is to determine what additional data are requued from the Present 
Landfill and MSS 203 to support closure under CHWA and RCRA, to design the 
landfill cap, leachate control system, leachate collecbon and treatment system, gas 
control system, and gas collection and treatment system, if necessary, and to meet the 
IAG milestone of July 1997 for IM/IRA implementation 

5 6 2 Identi& the Decisions 

In accordance with CHWA regulations, RCRA closure requirements, and Superfund 
Accelerated Cleanup Bulletin, Presumptive Remedies for Mumcipal Landfill Sites 
(EPA 1993a) and Presumptive Remedy for CERCLA Mumcipal Landfill Sites (EPA 
1993b), the basis for action will be the answers to the following decisions 

1 What contamment design (cap and institutional controls) will satisfy regulatory 
requirements (State Subhtle D and RCRA Subtitle C closure requuements)? 

2 The control of leachate and groundwater is a necessary component of the 
presumptive remedy to prevent migration from the source area 

3 If concentrations do not exceed chemical-specific ARARs, leachate collection and 
treatment is not requued If concentrations exceed chemical-speclfic ARARs, 
leachate collection and treatment is required Do leachate concentrations, at the 
source, meet ARARs7 

4 The control of landfill-generated gas is frequently a necessary component of the 
presumptive remedy to ensure cap integrity Will treatment of landfill-generated 
gas be requued? Guidance is forthcoming on this issue (EPA 1991c, 1993a) In 
some cases, state ARARs may identify gas clean-up levels (1 e ,  emissions) foi 
such contammants, and in some cases, health-based levels will be appropriate 
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5 6 3 Identi& the Inputs to the Decisions 

Informabon not currently available but required to make the decisions includes the 
following 

1 Information required for landfill cap design includes a topographc map, the 
location of existing utilities, the physical properties of the interun soil cover 
material, and the location and soil characteristics of potential borrow areas 

2 Information necessary for leachate control mcludes additional water levels, 
calculations of the horizontal gradient across the groundwate; mtercept system, 
the predicted rate of water infiltration through the landfill cap, and the seepage 
generation rate (HELP model output) 

3 Information requrred for leachate collection and treatment is llmited to the rate of 
leachate seepage 

4 Information for landfill gas control and treatment is limited to landfill gas 
emission rates 

Data not in existing sources will be collected under the OU 7 SAP (Section 6) 
Sources for the information requrred to make decisions is discussed for the (1) landfill 
cap, (2) leachate control, (3) leachate collection and treatment, and (4) landfill gas 
control and treatment 

1 Information for the landfill cap design-A topographc contour map will be 
prepared usmg survey data The map will show the locations of property features, 
topographc contours, spot elevations, and areas that have recently been graded or 
mounded Plans for future moundmg of waste will be modeled to determine fmal 
configuration of the landfill Location of utilities aboveground or underground that 
may interfere with construction will be identlfied In addition, the nearest service 
locations for electricity, water, and communtcabon lines will be identified for 
construction and operation of the remedial system Physical properties (standard 
proctor density, gram size, Atterberg limits, in situ moisture content, and 
unconfined compressive strength) of interim soil cover material will be obtamed 
from EG&G Waste Operations If these parameters are not avulable, the interun 
soil cover material will be sampled and analyzed Location and soil characteristics 
(in sztu moisture, Atterberg lmits, gram size, standard proctor density, and fallmg- 
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head permeability) of potential borrow areas for clay, sand and gravel, and topsoil 
will be obtained from existrng sources or measured in the field, if necessary 

2 Information for leachate control-Water levels and hydraulic conductivity values 
will be measured in temporary well points straddling the groundwater intercept 
system between existmg well pairs on the north side The predicted rate of water 
infiltration through the landfill cap and the leachate-generation rate will be 
calculated using the HELP model (EPA 1986b) 

3 Information for leachate collection and treatment-Leachate Seep rates will be 
quantlfied m the field 

4 Information for landfill gas treatment-Landfill gas emissions will be modeled 
usmg LANDFIL2 Input parameters will be based on site-speclfic mformation and 
EPA guidance (EPA 199 1 a) 

The action level is the measurement threshold that provides the criterion for choosmg 
between alternative actions (EPA 1993 c) Presumptwe remedies, CHWA regulations 
applicable to municipal solid waste landfills, RCRA closure requirements, and 
chemical-speclfic and action-specific ARARs are the basis of action levels for the 
Present Landfill EPA-approved field sampling techmques and analytical methods will 
be used to collect and analyze data 

5 4 4 &$ne the Boundarres of the Study 

The geographc area withm whch all decisions must apply is the Present Landfill 
including IHSSs 203 and underlying media to the first uncontaminated confinmg layer 
(1 e ,  unweathered bedrock) 

Each populahon of interest is defined by several characteristics The landfill waste is 
defined by the physical properties of the interim soil cover material, parameters for 
landfill cap design, areal extent, total colume, and depth of waste material, and the 
volume of saturated waste material Characterization of the waste is not required in 
accordance with the NCP Leachate control is defined by the infiltration rate, water 
levels, gradient, and the hydraulic connection at various points across the groundwater 
intercept system Leachate treatment is defined by the composition, volume, and flow 
rate of leachate Gas treatment is defined by the composition, volume, and generation 
rate of landfill gas 
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Additional data will be collected now through post-closure care Closure of the 
landfill will commence by July 1997 Practical constraints on data collection are IAG 
milestones 

5 6 5 Develop Decision Rules 

The first step m developmg a decision rule is to speclfy the parameters that 
charactenze the population of mterest The parameters for final landfill cap design 
determme how the waste matenal of the Present Landfill will be treated Statistically 
s igdkant  dtfferences m water levels on either side of the groundwater intercept 
system determme how leachate will be controlled The average and maximum 
concentrations for each analyte, and the average and peak flow rates determine how 
leachate will be treated The average and maximum concentrations for each analyte, 
and the landfill gas generation rates determine how gas will be treated 

The next step is to specify the action level for the study, which is discussed by 
population of mterest 

1 Landfill waste-Regulatory guidance specifies containment of the landfill mass as 

the appropnate response action or “presumptive remedy” Therefore, specification 
of an action level is not required Design criteria speclfied in CHWA and RCRA 
regulations include a hydraulic conductivity value of 10 cm/sec for the compacted 
clay h e r  of the double barrier cap and a 40 to 60 mil synthetic membrane 

2 Leachate-Regulatory guidance indicates that containment or control of leachate IS 

a component of the presumptive remeay Therefore, specification of an action 
level is not requrred The effectiveness of the existmg containment structures (the 
intercept system and underlying unweathered bedrock) to control leachate 
migration must be evaluated 

3 Treatment of leachate is also considered a component of the presumptive remedy 
under the National Pollutant Discharge Elimination System (NPDES) if leachate IS 

detected at the compliance boundary rn either surface water or groundwater 

4 Landfill gas-Landfill gas collection is typically considered a necessary 
component of the remedy to ensure cap integrity To evaluate the need to treat 
landfill gas, an action level must be speclfied Based on proposed emission 
standards for EPA Office of Arr Quality, Planmng, and Standards, the action level 
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for emission of NMOCs is 150 megagrams per year Other action levels may be 
identlfied during the development of ARARs 

A decision rule is developed for each population of interest 

1 Landfill wastes-In accordance with regulatory guidance, construction o f  a 
contamment structure is a presumed component of the response action 

2 Leachatdontamment or control of leachate is a presumed component of the 
response action The performance (effectiveness) of the emsting contamment 
structure will be evaluated usmg hydrologic data If drfferencks m water levels 
inside and outside the mtercept system indicate that the system is effective, no 
action is requlred If dlfferences in water levels inside and outside the intercept 
system indicate that the system is not effective, upgrades are requlred to contam 
leachate 

3 Treatment of leachate is a presumed component of the response action 

4 Landfill gas-Treatment of landfill gas may be requlred I f  concentrations of 
NMOCs m gas do not exceed 150 megagrams per year (or some other identified 
ARAR), no action is requlred If concentrations of NMOCs m gas exceed 150 

megagrams per year (or some other identrfied ARAR), a gas treatment system IS 

required 

5 6 6 SpeciB Acceptable Limits on Decision Errors 

The decision error rates are used to establish appropriate performance goals for 
limitmg uncertainty (EPA 1993c) Establishing acceptable error rates is necessary 
prior to determmng the appropriate number of data (samples or tests) necessary to 

support the decision with a specified level of confidence However, as mentioned 
previously, the stabstically-based DQO process is least applicable to the Present 
Landfill because remedial action decisions are made on the basis of presumptive 
remediation (1 e ,  expenence gained from other smilar sites) rather than quantitative 
evaluation of envlronmental data to “choose among alternative actions” (Step 5 of the 
DQO process) and the quantitative method in the DQO process is often not applicable 
to the types of data needed to support remedial design Table 5-7 presents types of 
information needed to support design of the presumptive remedy for the Present 
Landfill and identlfies the appropriate methodology for establishmg DQOs for each 
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type of mformation listed Discussed below are the types of information for which the 
quantitative DQO process is applicable 

5 6 7 Optimize the Design 

As previously discussed, the DQO process is least applicable to the Present Landfill 
because decisions are made on the basis of presumptive remediation (1 e ,  experience 
gamed from other similar sites) rather than on the basis of quantitative decision 
makmg, with specfied error rates and uncertamties, as embodied in Steps 5 and 6 of 
the DQO process and because the quantitative DQO process is often not applicable to 
the types of data needed to support remedial design For example, a topographc map 
is needed to support the design of the landfill cap The appropriate contour interval 
and quality of the survey data for the map are determined on the basis of standard 
engineermg and surveyrng practices rather than on quantitative data quality parameters 
determmed from the stahstically based DQO process Table 5-7 summarizes the type, 
quality, and quantity of data necessary to support design of the presumptive remedies 
These data will be collected during additional field activities at OU 7 

To support landfill cap design, maps of topographc contours, future waste mounding, 
and utility locations will be developed usmg standard engmeermg practices These 
activities will be mtegrated with EG&G Waste Operations One soil sample per acre 
will be collected to determme the physical properties of the mtenm soil cover 

Activities associated with identlfying suitable cap materials and determwg their 
physical characteristics will not be performed dunng the Phase I1 RFI/RI because these 
activities do not affect the development of design or performance criteria for the 
presumptive remedies These activities will be performed m cooperation with EG&G 
Waste Operations and other personnel 

The effectweness of the northern portion of the groundwater intercept system will be 
determmed by installmg two wells, one on either side of the groundwater intercept 
system, to momtor water levels adjacent to the system The composition of landfill 
leachate will be described through continued quarterly sampling and analysis 

~~~-~~ ~ 
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Decision Reached Based 
on Data from slta 

Do Not Exceed Action Levels 

Do Exceed Action Levels 

Table 5-1 
Type I and Type II Decision Errors 

1 TrwConQlNon 

' ComentraHonr in Groundwater and Surface Concentrations In Groundwater and 
Surface Water E*ceed A@on Le& Watcr DO NOT Exceed Action L d s  

Correct Decision Error (Type I) 
Reject H, Accept H, 
Error (Type 11) Correct Decision 
Rem H, Accept H, 

Type I error rate (probability) = alpha 
Type I1 error rate (probability) = beta 

Power (to reject €&,) = 1 - beta 
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~~ 

Americium-241 

Radium-226 
NltratelNIrite 

Section 5 

238 003 lo00 0 I 076 0 01 , 2  119 

2 28 1 0  lo00 04355 1787 009 4 79 

439,000' 4 78 2 I 45 49 2 133 

Table 5-2 
East Landfill Pond Surface Soils Optimal Sample Sizes 

Arsenic 

Banum 

Selenium 

Amencium-241 

Sampk HitFrq 
Anaivta ARARIPRO Maan (H) 

0 to 2 ih&Oas 
Arsenic 

Banum 

Strontium 165,000 

Vanadium 1,920 1000 

Zinc 82.300 56 lo00 

0 31% 5 Io00 1 2  15 7 4 3,979 67 

6309 201 Io00 30 546 11,881 29,541 67 

006309 0 4  53 7 0 24 2 4  0 16 3,980 67 

2 38 00088 lo00 0000571 005813 OoooO7056 2 66 

t Number of 
Samples 

MnValua MaxValua Varianca N Callsded 

1 8  13 2 4 3,979 133 

563 1,120 11,664 29002 133 

36 I 806 166 41 2 9 

11 9 862 81 2 133 

21 5 101 196 2 133 

' PRG value for nitrate 

Notes 

Metal values reported m milhgramg per kilogram 

Radionuclide values reported m picocunes per gram 

Defmlttons 

ARAR/PRG 
Hit Freq 
Max Value maxunum reported value 

Mm Value mmunum reported value 

N 

applicable or relevant and appropnate requuementslprelunmary remedi&on goals 

relhve frequency of  detected analytes 

calculated optnal sample sne, values rounded up 
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Table 5-3 
East Landfill Pond Surface-Soil Samples Exceeding Draft PRG Concentrations 

Metals reported m mdligrams per lalogram Radionuclides reported m picocunes per g*tm 
Draft prelixtunary remedmbon goals (PRGs) presented m Programmat~c Prellrmnary Remedmbon Goals for 
Rocky Flats Plant (EGBtG 1994) T ~ I S  document has been subrmtted to the regulatory agencles for renew and 

1 

2 

approval 

175220\se&onS doc 5-30 haft 4115194 



OU 7 Revised Work Plan 

1 Banurn 

Beryllium 

Chromium 

Copper 

Section 5 

6 309 1 98 lo00 174 21 5 441 1,098 3 

0 149 1 2  1000 0 81 1 5  009 403 3 

0 3155 147 lo00 12 3 17 5 6 76 6,723 3 

ll.Oo0 16 0 1000 11 2 18 6 17 64 2 3 

Table 5-4 
Pond Sediments Optimal Sample Sizes 

.. I 

Notes 

Metal values reported m milligrams per lologram 
Radionuclide values reported m picocunes per gram 

Semivolatrle and volatrle organic compounds reported m rmcrograms per lulogram 

Defm1tIom 

W R G  

 HI^ Freq 
Max Value 

Mm Value 

N 

applicable or relevant and appmpnate requwernentdprelunmary remedmhon goals 

relatwe frequency of detected andytes 

maxMum reported value 
mmmum repo*d value 

calculated o w  aampie m e ,  values rounded up 

17522Obect1on5doc 5-3 1 &aft 4/15/94 



OU 7 Revised Work Plan Section 5 

Table 5-5 
Surface Water Optimal Sample Sizes 
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A n m e  
Gross Beta 

Stmntium-89,90 

f Number of 
Sunpta HltFreq Sampter 

ARRWRO W n  (94) NBnValue : MaxValua Vatlance N Collscted 

1,110~ 1 1000 0 4  1613 0 2 10 

5 12 I000 4206 22 16 65 13 

Uranium-238 6 I 

Manganese 

Nickel 

Nickel 

50 101 960 2 5  430 10 000 398 25 

1005 11 68 0 6 3  40 25 2 25 
1346 11 680 6 3  40 25 16 25 
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Zinc 

Amencium-241 

Gross beta 
Tntium 

NRnte 

2,0002 67 1000 10 1 67 2,916 2 17 

o 0 6 ~  0 017 1000 0003996 0 041 ooO0441 19 3 

500 33 1000 20 4 44 144 572 3 

50000 273 1000 16 41 450 51 984 22 5 
soooo 29 25 500 20 M) 65000 6754801 2 9 
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‘ ARARforagncuItwaIactrvitm 
ARAR for aquatlc llfe 2 

’ ARAR for americium (totat) 
PRO for strontnun-90 ’ ARAR for Safe Dnnkmg Water Act 
ARAR for water and fnh mgesUon 

Notes 

Metal and OfgMlc compound values reported m nucrograms per lltor 

Radionuclide values reported m picocunss per llter 

Defmitons 

ARAR/PRCS applicable or relevant and appropmtc requxcmentslprelunmary remediaton goals 

Hn Freq 

Max Value rrmxmum reported value 
Mm Value rmnunum reported value 

N 

relatave frequency of detected Malytes 

calculated optunal sample m e ,  values rounded up 
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H# Fmq 
{a) 

Section 5 

Numkr of 
Samples 

MinVah MaxValua Variance w Cdlactad 

Table 5-6 
Groundwater Optimal Sample Sizes 

Aluminum 

Banum 

Lithium 

Manganese 

50 79 

1 ,OOo 1 75 

2,500 49 

50 37 

51 3 

949 

82 1 

82 1 

13 264 3,136 126 39 

940 51 6 17 689 4 39 

10 7 261 2209 2 39 

1 195 1,521 62 39 

Molybdenum ~ 

Strontium 

Gross Alpha 

Gross Beta 

Uranium-235 

328,515,625 361 233 19 

841 372 19 

96,721 2 19 

16,384 8 52 

33,124 5 330 

278,589,481 306,335 325 

7,634169 123 240 

1,664 100 65,875 277 

2.209 24 121 

182 63 564 4 43500 5,184 17 39 

21,900 794 1000 185 5,700 970,225 2 39 

7 5 1000 -0 361 17 85 16 34 48 
5 6 1000 1351 16 27 16 65 50 

298 006 1000 -0 021 0334 00064 2 50 
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Aluminum 50 14,795 

Barium 1 ,OOo 272 

Chromium 50 36 

lo00 1,140 79,800 398,002,500 15,754,963 19 
lo00 27 70 1,180 77,841 10 19 

89 5 300 204 3,249 130 19 
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NItratelNitnte 290,OOO I 735,819,876 1 730 [ 276 I 
' PRG value for stront~um-90 

Notes 

Metal values reported IZI micrograms per lder 

Radionuclide values reported m picocunes per lltsr 

Defmfions 

ARAR/PRG applicable or relevant and appropnate requuemenis/prelmuuuy remedx&on goals 

 HI^ Freq 
LHSU 

Max Value 
Mm Value 
N 
UHSU 

relatwo frequency of dstected analytes 
lower hydrosttabgraphic unit 

rnsxIlllllIll reported value 

Mmmum reported value 
calculated optunal sample sue, values rounded up 

upper hydro-graphic und 
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Camponent of 
tha RFmady 

Landfill Cap 
Design 

Leachate Control 

Leachate 
Collection and 
Treatment 
Landfill Gas 
Treatment 

Table 5-7 
Approach to Establishing DQOs for Information Needed to 

Support Design of Presumptive Remedy for the Present landfill 

lnfomurtlonTypa 
Topographic contour map 

Map of Mure waste mounding 

Locabon of ublitles 

Physical properties of interhn soil cover 

Location of cap materisk 

Physcal propertlas of cap matenals 

Water levels straddling intercept system 

Composition 

Discharge rate 
Emission rate 

DQO Mathodology 
Standard engineenng practlces 

Standard engineering practices 

Standard engineering practices 

Standard engineering pncttces 

Standard engineering prachs 

Standard engtneermg practices 

Qualitative approach 

Predictive Modeling - HELP' 
Predictive Modeling - LANDFIL2 

' HELP = Hydrolog~c Evdubon of Landfill Performance Model (EPA 1986b) 

DefmNon 

DQO data qudity objc&ve 

Scow of Phase IJ Data Coltadion 
Actlvlty 

Integrate activity with EG&G Waste 
Operations Personnel 
Integrate activity wtth E 0 8 0  Waste 
Operations Personnel 
Integrate activity with EGBG Waste 
Operations Personnel 
Obtain one sample per acre (27 total) 

Integrate acthrity wlth EGBG Waste 
Operations Personnel 
Integrate activity with EGBG Wste  
Operations Personnel 
Install two wells straddling intempt system 
on nom side of landfill 
Continue routine quarterly monitoring (see 
Section 5 5 7) 
None 
None 

\ 

5-37 hrft 4/15/94 



OU 7 Revised Work Plan Section 6 

6. SAMPLING AND ANALYSIS PLAN 

The DQO process has been mtegrated wlth the plantllng process and the results are 
presented below Site-specific objectives of additional data collection acbvibes are 
presented in Secbon 6 1 The proposed collecbon approach, samplmg locabons, 
samplmg acbvities, equlpment and procedures, and proposed analyt~cal sultes are 
dscussed for surface soils and groundwater m Secbons 6 2 and 6 3 Other field acbvibes 
to support the design of the landfill cap are dscussed m Secbon 6 4 

6.1 Objectives \ 

Presumpbve remedes dctate remedal actions at IHSS 114 and IHSS 203 Therefore, 
addbonal samplmg and charactembon of PCOCs m the enwonmental media w l h  

these IHSSs wlll not affect the decision to remedmte Therefore, further charactemtion 
of meda wthm IHSS 1 14 and IHSS 203 is not an objecbve of the Phase I1 mvesbgabon 
As dscussed m Secbon 5, surface soils around the East Landfill Pond and groundwater 
have not been adequately charactenzed to support decisions concemg remedal actions 
Decisions on whether or not remediatron is necessary r e q m  data fiom additional 
samples 

The specific objectwes of the Phase I1 field mvestigabon are as follows 

Codinn conkmunabon m surface soils at locabons around the East Landfill Pond 
where analyte concentrabons exceed the UTLWm 

Charactenze the spatial extent of contamination in surface soils at locabons around 
the East Landfill Pond where analyte concentrabons exceed draft PRGs 

Evaluate effectiveness of groundwater intercept system north of the landfill 

Further delmeate the contammint plume m UHSU groundwater on the southeast side 
of the East Landfill Pond 

Further delmeate the contammint plume m UHSU groundwater on the north side of 

the East Landfill Pond downgradient of IHSS 167 1 

Further delmeate the extent of groundwater contammbon m the UHSU along No 
Name Gulch 
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0 Deterrmne the presence or absence of contammation m LHSU groundwater m No 
Name Gulch 

0 Design a morutonng network that wll meet reqwments for post-closure care of the 
Present Landfill 

0 Charactem the mtenm soil cover matenal 

6.2 Surface Soils 

Stabsttcal compansons of surface soil data to background data idenbfied only three 
PCOCs 111 soils around the East Landfill Pond However, numerous add~bonal PCOCs 
were idenbfied on the basis of UTL exceedances Concentrabons 111 excess of UTLs 
were generally two to three tunes greater than the m m u m  concentrabon of the analyte 
in background Addibonal surface soil samplmg is warranted at “hotspot” locabons 
where analyte concentrabons exceeded the UTLWm value to confirm that high 
concentrations are present and at locabons where analyte concentrabons exceeded drafl 
PRGs (refer to Secbon 5 4 7) to delmeate the area of soil contamubon around each 
hotspot 

Samples wll  be collected tiom the 0- to 2-mch h o m n  to venfy analyte concentrabons ~fl 

excess of the UTLWm at 34 locabons (Figure 6-1) One sample wll be collected per 
locabon At the 10 locabons where analyte concentrabons exceeded PRGs, four samples 
wll  be collected to deterrmne the spabal distnbution of contamnabon around the o n g d  
sample location At each of the 10 locabons the samples wll  be collected at a distance of 
25 feet fkom the on& sample locabon, one each to the north, south, east, and west of 
the o n g d  locabon Because two of the locabons are adjacent, only one sample wll  be 
requlred between them, and a total of 39 samples wll be collected 

Samples wll be collected from the 0- to 10-mch h o m n  to venfy UTL exceedances at 10 
locabons (Figure 6-2) One sample w11 be collected per locabon At two locabons 
where analyte concentrabons exceeded PRGs, samples w11 be collected to determrne the 
spabal distnbution of contammints Four samples wll be collected per locabon as 

previously descnbed, for a total of 8 samples 
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6 2 1 Proposed Soil Sampling Activities 

O n g d  Phase I locabons w11 be surveyed and staked m accordance wth Geotechcal 
SOP GT 17, Land Surveymg (EG&G 1992c) for venficabon samplmg Radiabon field 
screerung wll be performed at each soil samplmg locabon m accordance wth procedures 
in Field Operations SOP FO 16, Field Radiological Measurements (EG&G 1992c) The 
prework radiabon survey w11 be performed on a 17-pomt gnd, centered on staked 
locabons, usmg a Bicron Analyst FIDLER 

Soils w11 be descnbed m the field m accordance wth Geotechcal SOP GT 0 1, Loggmg 
Alluvlal and Bedrock Matenal (EG&G 1992c) Surfixe soil samplis wll be collected 
usmg the grab method, outlmed m Geotechcal SOP GTOS, Surface Soil Samplmg 
(EG&G 1992c), to be consist wth Phase I samplmg methods Grab samples wll be 
collected from a depth of 0 to 2 mches usmg a stamless-steel scoop In order to collect 
enough matenal for all analyses, four scoops of soil w11 be obtEllned h m  each gnd 
locabon, north, south, east, and west of the locabon stake The grab samples wll be 
combmed m a stamless-steel bowl, split, and then placed mto mdmdual sample jars 

Duplicate and equpment nnse QC samples wll be collected m accordance wth the QC 
samplmg fiequency gurdelmes rn Sectton 7 1 Each soil sample wll be assigned a wque  
sample number 

Subsurface soil samples wll be collected usmg the hand auger method outlmed m 
Geotechcal SOP GT 08, Surface Soil Samplmg (EG&G 1992c) Vegetabon w11 be 
removed from the samplmg location wth a decontarmnated shovel The thm layer of soil 
that contacts the shovel wll then be removed wth a stamless-steel scoop A hand auger 
wll be used to collect the sample to a depth of 10 mches The soil wll be combmed m a 
stanless-steel bowl, split, and placed lnto lndwidual sample jars Duplicate and 
eqwpment nnse QC samples wll be collected m accordance wth the QC samplmg 
fiequency gudelmes m Section 7 1 Each soil sample w11 be assigned a w q u e  sample 
number All samplrng eqwpment wll be decontarmnated between locabons m 
accordance wth Field Operations SOP FO03, General Equpment Decontarmnahon 
(EG&G 1992c) 

6 2 2 Analytical Requirements for Soil Samples 

Soil samples collected around the East Landfill Pond wll be analyzed for metals, gross 
alpha, gross beta, plutomum-239,240, amencium-241, uratllum-233,234, ~u-amum-235, 
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urmum-238, cesium-137, strontium-89,90, tntium, TOC, and mtrate as N l h s  analyte 
list is the same as that used for surface soil samples at the East Landfill Pond d u n g  the 
OU 7 Phase I RFI/RI Samples w11 be contamenzed, preserved, handled, and shpped m 
accordance wth QNQC requlrements specified m Section 7 of h s  report, and Field 
Operations SOP FO 13, Contamemtion, Preservmg, Handlmg, and Shppmg of Soil and 
Water Samples (EG&G 1992c) Sample analyses wll  be performed usmg EPA CLP and 
other standard methods as specified m the GRRASP (EG&G 1991g) 

6 3  Groundwater 

The Phase I mveagabon idenbfied contarmnatron of groundwater m the UHSU 
Adhbonal wells are now needed to delmeate contarmnant plumes thought to be present 
near the East Landfill Pond embankment and along No Name Gulch The number and 
locabons of addbonal wells needed to further delmeate contamnubon m UHSU 
groundwater was determtned qualitatively by an analysis of plume maps and contarmnant 
transport pathways (Secbon 5 5) 

PCOCs were also idenbfied m groundwater from the LHSU, but the extent of 
groundwater contamnabon appeared limited Professional judgment was used to assess 
whether (1) PCOCs are the result of natural vanability m geologic matenals, (2) the 
detecbons of VOCs are valid, and (3) the occurrence of PCOCs m the LHSU make 
geochemcal sense on the basis of fate and transport charactensbcs Charactenabon of 
conkmunabon in the LHSU dlrectly beneath IHSS 114 wll  not be performed due to the 
potenbal problems associated wth dnlling through the landfill and the potenbal for 
enhancmg vertical mgration of contaminants d m g  dnllmg A prellrmnary 
charactenabon of the verhcal extent of contanunation m the LHSU was pedormed only 

at the compliance boundaiy located just east of the h a l l  dam usmg exlstlng data 

Addibonal charactembon of LHSU groundwater farther east m No Name Gulch is 
Warzanfed 

Eight adhbonal momtomg wells are proposed to meet the followmg three distmct 
objechves (1) evaluate the effectiveness of the groundwater mtercept system m 
preventmg groundwater flow mto the landfill, (2) delmeate contarmnant plumes m UHSU 
groundwater, and (3) d e t e m e  presence or absence of groundwater contammbon m the 
LHSU 
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The effecbveness of the groundwater mtercept system m preventmg groundwater flow 
mto the landfill wll  be mvestigated by mtallmg two wells, one on each side of the 
mtercept system The two wells wll  be located on the north side of the landfill 
apprownately h a l h y  between exlstmg wells 71 193 and 6287 Both wells wll  be 
screened across art~ficial fill matenal and the screened mterval wll  be at a depth of 
approxmately 10 to 20 feet 

To further delmeate the contarmnant plume m UHSU groundwater on the southeast side 
of the East Landfill Pond, the mtallahon of one addhonal well is proposed between 
wells B206689 and B206889 The well locabon (Figure 6-3) ishat an elevabon of 
approximately 5940 feet m a small tnbutary just south of the dut road The borehole wll 
be drrlled to saturated weathered bedrock The well wll  be screened across weathered 
bedrock wth the screened mterval at a depth of appromtely 15 to 20 feet below 
ground surface, smlar  to the screened interval m the enstmg nearby wells to ensure 
comparabihty of groundwater quality data One add~bonal well is also proposed to 
further delrneate the contarmnant plume in UHSU groundwater on the north side of the 
East Landfill Pond downgradlent of IHSS 167 1 The well wll  be located east of well 
71 87 and north of well B207289 (Figure 6-3) at an elevahon of appromtely 5950 feet 
The borehole wll be dnlled to the depth of the water table The well w11 be screened 
across colluvium The screened mterval wll be at a depth of appromately 15 to 20 feet 
below ground surface 

A group of three wells is proposed to fiuther delmeate contarmnant plumes m UHSU 
groundwater, d e t e m e  the presence or absence of contammahon m LHSU groundwater 
m No Name Gulch, and meet groundwater-momtoring requrements for post-closure care 

of the Present Landfill The well location (Figure 6-3) is apprownately 300 feet 
downgmhent of the compliance wells, west of the confluence of No Name Gulch, wth 
the mtemuttent stream dramng IHSS 167 1 One well wll  be screened m valley-fill 
alluwum wth the screened mterval at a depth of apprownately 5 to 10 feet below ground 
surface The second well wll  be screened in weathered bedrock the screened mterval at a 

depth of approxmately 15 to 25 feet below ground surface The thud well wll be 
screened m unweathered bedrock sandstone with the screened mterval at a depth of 

apprownately 40 to 50 feet below ground surface One momtomg well IS also proposed 
250 feet east of the confluence of No Name Gulch and the tnbutary to the north that 
drams IHSS 167 1 The well w11 be mtalled in valley-fill alluvium wth the screened 
mterval at a depth of apprownately 5 to 10 feet 
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Exploratory boreholes will be used to select the locabon and depth of the proposed wells 
m No Name Gulch and to mmrmze the probability of mterceptmg preferenbal 
groundwater flow paths 

6 3 I Borehole Drilling Activities 

Boreholes wll  be dnlled at eight locabons (Figure 6-3) for the purpose of mtallmg 
groundwater momtormg wells In addibon, exploratory boreholes wll  be dnlled to select 
the optmum locabon of the wells to be &led m No Name Gulch 

Exploratory boreholes w11 be used m the mcmty of the proposed well locabons to 
d e t e m e  the locahon of preferenbal groundwater flow paths m No Name Gulch At 
each borehole locabon, measurements wll be made of depth to groundwater, hckness of 
saturated valley-fill alluvium, pH, dissolved oxygen, and specific conductance m 
accordance with procedures outlmed m Groundwater SOP GW 01, Water Level 
Measurements m Wells and Piezometers, and GWO5, Field Measurement of 
Groundwater of Groundwater Field Parameters (EG&G 1992c) Permanent wells wll be 
mtalled to maxtrmze the probability of mterceptmg groundwater flow paths at each of 
these locabons based on data collected dunng exploratory dnllmg 

Pnor to mvasive acbmties, Geotechrucal SOP GT 24 reqwrements w11 be rewewed and 
followed to acqwre soil-drsturbance approval form Rocky Flats Construcbon 
Management k l l m g  locabons wll be staked and cleared m accordance wth 
Geotechcal SOP GT 10, Borehole Cleamg (EG&G 1992c) M a b o n  field screerung 
wl l  be performed at each dnllmg locabon on a 17-pomt gnd usmg a Bicron Analyst 
FIDLER, m accordance with procedures m Field Operabons SOP FO 16, Field 
Mological Measurements (EG&G 1992c) After dnllmg, all borehole and well 
locabons wll be surveyed m accordance wth Geotechcal SOP GT 17, Land Surveying 
(EG&G 1992c) 

Locabons will be dnlled usmg hollow-stem augers eqwpped for contmuous core 
samplmg m accordance wth Geotechcal SOP GTO2, Dnllmg and Samplmg Using 
Hollow Stem Auger Techques (EG&G 1992~) and a Mobil B-57 dnll ng Contmuous 
core samples will be collected fiom all locabons usmg a 3-mch wide &meter, 2-foot- 
long sample barrel A moss system wll be used to retneve the core after each run whle 
leavmg the augers m place Dnllmg wll  be accomplished usmg 65Is-mch outside 
diameter hollow-stem augers and a 7-mch outside diameter bit 
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For boreholes drrlled mto bedrock, 6-mch PVC surface casmg w11 be mtalled to isolate 
surficial matenals fiom bedrock, m accordance wrth Geotechcal SOP GT 03, Isolatmg 
Bedrock fiom Alluvium wth Grouted Surface Casmg (EG&G 1992c) Dnllmg and 
samplmg wll  contrnue usrng hollow-stem augers unbl sample collecbon achwhes are 
completed or poor core recovery becomes a problem At that pomt, rotary conng 
methods wll be used m accordance wth Geotechmcal SOP GT 04, Rotary Dnllmg and 
Rock Comg (EG&G 1992c) Potable Rocky Flats water wll be used as a dnllmg 
medwn A contwous core wll be &tamed usmg 1%-mch mide diameter, 5-foot-long 
core tubes, placed w h  and retneved &om the lead rod wth an overshot system 
Dnllmg will contmue unbl a bedrock sandstone m t  is encountered, at whch tune a 
screened mterval wll  be selected and a momtonng well will be installed 

P r e l m  core descnphons wll  be completed m the field, and all core not used for 
chemcal samplmg wll  be boxed at the site Wooden blocks wdl be labeled and placed m 
the core boxes to mark the b e g m g  and end depth for each box, the b e g m g  of each 
dnllmg mterval, and to represent sections of no recovery or sect~ons used for chermcal 
samples After the core is brought to the field tmler, it wll be descnbed m detad m 
accordance wth Geotechcal SOP GT 01, Loggmg Alluwal and Bedrock Matenal 
(EG&G 1992c) 

Dnll cuttmgs fiom all locahons w11 be contamenzed m 30-gallon drums m accordance 
with Field Operahons SOP FO08, Handlmg of Dnllmg Fluds and Cuttmgs @G&G 
1992c) Charactemahon of the mvestigatwedenved matenals (IDM) contamed m the 
drums wll  be based on analytical results of the borehole samples correspondmg to the 
dnll cuttlngs mterval m the drums Drum handlmg w11 be conducted m accordance wth 
Field Operahons SOP FO 23, Management of Soil and Sedment Invesbgahve Denved 
Matenals (EG&G 19940 

Exploratory boreholes not used for well mtallahon urlll be abandoned m accordance with 
gwdelmes m Geotechcal SOP GTOS, Pluggmg and Abandonment of Boreholes 
(EG&G 1992c) All downhole dnllmg equpment will be decontarmnated at the mam 
decontammabon facility before being used at each new dnllmg locahon The dnll ng 
wll  be decontarmnated in accordance wth procedures outlmed m Field Operahons SOP 
FO 04, Heavy Equpment Decontammhon (EG&G 1992c) 
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6 3 2  

6 3 3  

Drum Sampling Activities 

All proposed drrllmg acbwties that wll  generate residual soil or sedunent wd1 take place 
outside the IHSSs at OU 7 Samplmg of the dnll core matenal is not planned because the 
data fiom the Phase I RFI/RI show little or no conkmunabon m samples fiom subsurface 
geologic matenals 

If venfied field screenmg results are below background as defined m Field Operabons 
SOP FO 08, Handlmg of Dnllmg Flwds and Cutbngs, and FO 16, Field Wological 
Measurements @G&G 1992~)~  residual sol! or sedunent will be chsposed as clean fill on 
site (if cuttmgs are fiom boreholes wth less than 20 feet of bedrock) m accordance wth 
Field Operabons SOP FO 23, Management of Soil and Sedment Invesbgatwe Denved 
Matenals @G&G 19940 These matenals wll  be dispersed and leveled withm the 
disturbed area and reseeded following gwlance from the EG&G Ecology Department 
Bedrock cuthngs, if any, wdl be covered wth alluvial matenals For cuthngs fiom 
boreholes with more than 20 feet of bedrock, residual soil or sedrment wll  be dlsposed m 
the landfill m accordance with Field Operabons SOP FO 23, Management of Soil and 
Sedunent Invesbgabve Denved Matenak (EG&G 19940 Cuthngs contamenzed m 
drums will be taken to the landfill by EG&G Truckmg for dlsposal 

\ 

If vmfied field screerung results are above background as defined m Field Operabons 
SOP FO 08, Handlmg of Dnllmg Flmds and Cuthngs, and FO 16, Field Wological 
Measurements (EG&G 1992~)~ residual soil or sedunent wll  be drummed at the dnllmg 
locabon m accordance wth Field Operabons SOP FO 08 and labeled m accordance wth 
FO 10, Receivmg, Labelmg, and Handling Envvonmental Matenals Contamers A 
representatwe sample wdl be collected m accordance wth Field Operabons SOP FO 20, 
Samglmg of Liquds and Solid Envuonmental Matenals Contamers (EG&G 1992c) and 
analyzed for appropnate consbtuents as discussed below Results of h s  analysis wll  be 
used to charactenze the drum 

Analytical Requirements for Drum Samples 

Drum samples wll  be analyzed for VOCs, SVOCs, PCBs, metals (standard and 

233,234, ~.u-aruum-235, uraruum-238, stron~um-89,90, cesium-137, tnbum, TOC, pH, 
rutrate as N, and rutrate/rutnte, and sulfide Thls analyte list is the same as that used for 
borehole samples d m g  the Phase I RFVRI for OU 7 Samples wll be contarnenzed, 

addbod), ~ O S S  alpha, ~ O S S  beta, pl~t01~~-239,24O, al1~11~i~m-241, uratllum- 
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preserved, handled, and hpped  m accordance wth QNQC reqwments specified in 
Secbon 7 of th~s report, and Field Operations SOP FO 13, Contamembon, Preservmg, 
Handlmg, and Shppmg of Soil and Water Samples (EG&G 1992c) Sample analyses 
w11 be performed usmg EPA CLP and other standard methods as specified m the 
GRRASP (EG&G 1991g) 

6 3 4 Monitoring Well Installation and Development 

A total of eight momtonng wells will be installed at six locabons (Figure 6-3) m 
accordance wth Geotechcal SOP GT 06, Momtomg Well and Piezometer InstallaQon 
(EG&G 1992c) Advanced nobficabon of momtomg well mstallahon is necessary for 
the State of Colorado Diwsion of Water Resources After the borehole or well is dnlled 
to total depth, water and fine-gramed sedment will be baled usmg a sand baler ut11 the 
water is relatwely clear The well assembly, compnsed of a 2-foot sump, 2-mch &meter 
slotted screen, and 2-mch diameter blank casmg, wll then be placed m the borehole In 
open-hole mtallabon, stamless-steel centralizers wll  be placed above and below the well 
screen to ensure that a 2-mch annulus is mantamed Filter pack w11 be added through a 
*me pipe to at least 6-mches above the top of the screen A rrrrmmum 2-foot bentomte 
pellet seal wll  be mtalled m e d a t e l y  above the filter pack Bentomte grout backfill 
w11 be placed from the top of the bentomte seal to the ground sudhce 

\ 

After the bentomte grout is allowed to settle for 24 to 72 hours, a 5-foot-long, 6-mch 
diameter protectwe steel casmg wth a loclung steel cap wll  be mtalled over the 
momtonng well nser Protrusion of the nser will be a rmfllfnum of 2 feet The protectwe 
casmg wll  be embedded 2 to 3 feet below the ground surface m concrete or grout The 
annulus between the well mer and the protectwe casmg wll be filled wth concrete and 
an extemal concrete pad approxunately 3-feet square wll be bmlt around the protectwe 
casmg at the ground surface The well designahon wll  be lnscrrbed m the concrete 
before it sets and welded to the protecbve casing 

Alluwal wells will be mtalled wth the base of the screen at the contact between 
alluwum and weathered bedrock Weathered bedrock wells wll  be mtalled wth the 
base of the screen at the contact between weathered and unweathered bedrock The 
bentomte seal wll  be straddlmg the contact between the alluwum and the weathered 
bedrock to isolate the screen and filter pack from alluwal groundwater Bedrock wells 
wll be constructed smlarly, except that the bedrock wll  be isolated fkom alluwal 
materials wth a grouted 8-mch steel surface casmg installed m accordance wth 
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Geotechrucal SOP GTO3, Isolatmg Bedrock fiom Alluvium wth Grouted Surface 
Casmg (EG&G 1992c) Stamless-steel centralmrs w11 be placed on the casmg 3 to 5 
feet below ground surface and 3 to 5 feet fiom the base of the casmg to ensure a 
mtflllllum 2-mch annular space After the casmg is m place, a cement-grout mxture wll 
be forced out through pre-dnlled ports at the base of the casmg mto the annulus by 
pushmg a plug down through the casmg The annulus wll be topped off wth cement 
grout, if necessary, and the cement grout w11 be allowed to harden for a mmmum of 24 
hours 

Dnllmg below the surface casmg at bedrock momtonng well~locahons w ~ l l  be 
accomplished usmg 6~8-mch outside Qameter hollow-stem augers unhl core recovery 
degrades The ng wll then be converted for rotary core dnllmg, and dnllmg w11 
continue m accordance wth Geotechcal SOP GT 04, Rotary h l l m g  and Rock Conng 
(EG&G 1992c) M e r  reachmg total depth, bedrock wells will be mtalled m an open 
borehole usmg the procedure descnbed above 

Momtomg wells will be developed to remove dnllmg flwds and partdates fiom the 
groundwater and prowde physically and chemcally representatwe groundwater samples 
Well development will be performed m accordance wth SOP GW 02, Well Development 
(EG&G 1992c) Eqwpment wll be decontarmnated before and after each use in 
accordance wth Field Operations SOP FO03, General Eqmpment Decontammation 
(EG&G 1992c) Water level and total depth measurements will be taken to determine the 
volume of water m the well casmg The volume of water to be purged fiom the well wdl 
be calculated accordmg to gwdelmes in Groundwater SOP GW 02, Well Development 
(EG&G 1992c) D u n g  
development, water is wthdrawn fiom the wells usmg a baler or an mertu4 pump The 
purge water wdl be emphed rnto a graduated bucket to measure the amount of water 
removed and transferred to a holdmg tank for proper disposal The purge and 
decontmm&on water wdl be handled in accordance wth Field Operations SOP FO 07, 
Handlmg of Decontammabon and Wash Water (EG&G 1992c) 

The purge amount is generally five well casmg volumes 

Field parameters mcludmg pH, temperature, specific conductance, and turbidity wll be 
measured at regular mtervals at least once for each well casmg volume followng the 
procedures outlmed m Groundwater SOP GW 05, Field Measurement of Groundwatei 
Field Parameters (EG&G 1992c) A well is considered fully developed after a mmum 
of five casmg volumes of water are removed, field parameter measurements range wtlun 
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10 percent for three comecutwe well casmg volumes, and the purged water is fhx of 
suspended sedment 

6 3 5 Drawdown Recovery Tests 

Drawdown recovery tests wll be performed at six of the recently installed wells to 
estmate the hydraulic conductwty of saturated geologic matenals mcludmg colluwum, 
valley-fill alluwum, weathered Arapahoe and Laramte Formahon, and the uppermost 
unweathered sandstone m the Arapahoe and Lararme Formahon The drawdown 
recovery test method, whch mvolves purgmg a volume of water fiosl the well to lower 
the water level by approxunately 2 to 6 feet, is considered more appropnate than the slug 
mjecbon test method based on results dunng the Phase I mveagahon Tests w11 be 
performed af€er the wells are developed, the first month of groundwater samplmg is 
completed, and the stahc water level has stabillzed Tests wll  not be conducted at the 
wells that straddle the northern groundwater intercept system 

The drawdown recovery tests wll  be performed m accordance wth Groundwater SOP 
GW 04, Slug Tests (EG&G 1992c) Aftet removmg the well cap and momtomg the well 
for health and safety purposes, the stabc water level at the well wll  be measured and 
venfied to the nearest 0 01 foot h m  the measunng pomt The total depth of the well 
w11 be m e a s d  and venfied usmg a weighted tape measure Water level and total depth 
measurements wll  be recorded and compared to prewous measurements to confirm water 
level stabilmhon When the water level has stabillzed, the test wll be conducted 

A H m t @  SE 1000 data logger w11 be coupled to a transducer that has a sensihwty of 10 
pounds per square mch and is capable of measurvlg hydrauhc head to an accuracy of 
apprownately three thousandths of a foot The data logger wll be programmed to record 
change m hydraulic head (m feet) above the transducer at a loganthrmc rate All 
transducer specdicabons prowded by the manufachmr, mcludrng send number, 
Imeanty, scale, and offset wll  be programmed mto the data logger The transducer wll  
be lowered mto the well to a depth at whch it w11 not be dsturbed by a baler The 
transducer cable wll be secured to the well casmg wth tape to mamtam the appropnate 
depth of the probe To ensure that the transducer and logger are worlang properly, the 
transducer cable unll be msed and lowered m the well whde the change m hydraulic head 
is observed on the data logger wsual read out screen After the vlsual check has been 
completed, the water level wll  be allowed to stabilm and the test w11 be referenced to 

zero 
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After the test is set up, a 3-foot-long by 1 5-mch baler wll  be lowered down the well 
Water wll  be purged from the well unbl an appropnate drawdown is acheved The test 
will be started mmdately after the last baler of water is removed fiom the well The 
water purged fiom the well wdl be contamerued and &sposed m accordance wth Field 
Operations SOP FO 05, Handlmg of Purge and Development Water (EG&G 1992c) 
Purge rates, volumes of water removed, test-start tunes, and mbal drawdowns wll  be 
recorded 

The d m o n  of each test wll  be dependent on the drawdown recovery rate or the rate at 
whtch the drawdown approaches zero The test wdl be consideredsomplete when the 
water level recovers to 90 percent of the drawdown depth The drawdown and percent 
recovery wd1 be checked by scannmg the measurements recorded m the data logger 
When water levels have recovered, the test wll  be temmated Before and after each test, 
all down-hole equpment wll  be decontarmnated follomg procedures m Field 
Opembons SOP FO 03, General Equpment Decon-on (EG&G 1992c) 

After the data logger reaches storage capacity, the data collected wll  be downloaded mto 
a computer The tune versus drawdown data wll be mported mto AQTESOLV 
(Geraghty and Miller 1991) to compute the estunated hydraulic properhes usmg the 
appropnate analflcal solubons 

6 3 6 Groundwater Sampling 

Groundwater samples w11 be collected fiom the eight new wells mtalled d m g  the 
Phase I1 mveagabon to charactenze groundwater quality d o w m e n t  of exlstmg 
contammint plumes Four samples wll be collected at each locabon Frequency of 
sample collection wll be monthly Duplicate, equpment nnse, and tnp blank QC 
samples wdl be collected m accordance wth the QC samplmg lkquency gwdelmes m 
Secbon 7 1 MS, MSD, and laboratory replicate QC samples wll be collected m 
accordana wth Groundwater SOP GW06, Groundwater Samplmg (EG&G 1992c) 
Each groundwater sample w11 be assigned a mque sample number 

Groundwater samples wll  be collected m accordance wth Groundwater SOPS GW 06, 
Groundwater Samplmg, and GW 01, Water Level Measurements m Wells and 
Piezometers (EG&G 1992c) Water level and total depth measurements wll  be taken to 
d e t e r n e  the volume of water 111 the well caslng These data wlll be used to calculate the 
casmg and purge volumes Standmg water wll  be purged fiom the well wth a baler 
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The equvalent of three well casmg volumes w11 be purged to guarantee that the sample 
is representatrve of the groundwater m the formatron 

Field parameters mcludmg conductrwty, pH, temperature, Qssolved oxygen, and 
turbidty wll be measured from an aliquot of the first baler of water m accordance wth 
Groundwater SOP GW 05, Field Measurement of Groundwater Field Parameters (EG&G 
1992c) Conductmty, pH, and temperature w11 be measured for every half-casmg 
volume of water removed fiom the well T~ubiQty and Qssolved oxygen wdl be 
measured a second tune d m g  well purgmg Well purgsng w11 be considered complete 
when three casmg volumes have been purged and the field parameter measurements have 
been stabillzed Purge and decontarmnatron water wll  be handled m accordance wth 
Field Operatrons SOP FO07, Handlmg of Decontatnmatron and Wash Water (EG&G 
1992c) 

After completron of well putgmg, groundwater samples wll be collected usmg a baler 
VOC samples wll be collected &om the first h l e r  of water The r e m g  unfiltered 
samples wll  be transferred dmctly h m  the bder  to the appropnate sample contamers 
usmg a bottom emptymg dewce Samples for Qssolved analyses wll  be transferred to a 
stsunless-steel bucket and filtered usmg a penstaltlc pump with a Qsposable 0 45-mcron 
filter All samplmg equpment wll be decontamtnated between locat~ons m accordance 
wth Field Operatrom SOP FO 03, General Eqwpment Decontmmatron (EG&G 1992c) 

6 3 7 Analytical Requirements for Groundwater Samples 

Groundwater samples wll be analyzed for VOCs, SVOCs, dlssolved and total metals 
(standard and addltlonal), waterquality parameters (Cl, F, SO,, Si, C03, HC03, TDS, 
TSS), dissolved and total gross alpha, dissolved and total gross beta, Qssolved and total 
pluto~um-239,240, Qssolved and total americium-241, Qssolved and total uran~um- 

and total strontrum-89,90, dissolved and total cesium-137, tntrum, mtrate/mtnte, cymde, 
and sulfide "Ius analyte list is the same as that used dunng the Phase I RFVRI for OU 7 
Samples will be contamenzed, preserved, handled, and shpped m accordance wth 
QNQC requmments specified m Sectron 7 of thts report, and Field Operatrons SOP 
FO 13, Contamematron, Preservmg, Handlmg, and Slllpplng of Soil and Water Samples 
(EGBiG 1992c) Sample analyses wll be pedormed usmg EPA CLP and other standard 
methods as specified m the GRRASP (EG&G 1 99 1 g) 

233,234, Qssolved and total urar~~m-235, dssolved and total ~ranl~m-238, d~solved 
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6.4 Field Activitres Related to Landfill Cap Design 

The physical properhes of  the exlstmg soil cover matenal m IHSS 114 (mtenm soil 
cover) wl l  be detemed through addibonal soil samplmg and analysis One soil sample 
wll  be collected per acre for a total of 27 samples Soil samplmg locabons wll be 
determlned usmg the same samplmg gnd used dunng the Phase I soil samplmg (Figure 6- 
4) Samples wll be collected fiom staked locabons m the center o f  each 100-foot by 50- 
foot polygon Locabons will be surveyed m accordance wth Geotechcal SOP GT 17, 
Land Surveymg (EG&G 1992c) Radiabon field screemg wl1 be pexformed at each soil 
samplmg locabon m accordance wth procedms m Field Operabons SOP FO 16, Field 
Wolog~cal Measurements (EG&G 1992c) The prework &&on survey wll be 
performed on a 17-pomt gnd centered on staked locabons usmg a Bicron Analyst 
FIDLER 

Soils wll  be descnbed m the field m accordance wth Geotechcal SOP GT 01, Loggmg 
Alluwal and Bedrock Matenal (EG&G 1992c) Surface soil samples wll be collected 
usmg the grab method, outlmed m Geotechcal SOP GTOS, Surface Soil Samplmg 
(EG&G 1992c), to be consist with samplmg methods at the East Landfill Pond Grab 
samples w11 be collected from a depth of 0 to 2 mches usmg a stamless-steel scoop In 
order to collect enough matenal for all analyses, four scoops of soil wll be obtamed fiom 
each gnd locabon, north, south, east, and west of  the locabon stake The grab samples 
w11 be combmed m a stamless-steel bowl, split, and then placed mto mdsvidual sample 
jars Duplicate and equpment nnse QC samples wll be collected m accordance wth the 
QC samplmg frequency gudelmes m Secbon 7 1 Each soil sample wll be assigned a 
utllque sample number All samplmg equpment wll be decontarmnated between 
locabons m accordance wth Field Operabons SOP FO03, General Equpment 
Decontarmnaton (EG&G 1992c) 

Samples o f  mtmm soil cover matenal collected m the Present Landfill wll be measured 
for physical p r o w e s  mcludmg standard proctor density, griun sm, Atterberg lmts ,  m 
situ moisture content, and uncodmed compressive strength Samples w11 be 
contamenzed, preserved, handled, and shpped 111 accordance wth QNQC reqwements 
specified 111 Sechon 7 of thls report, and Field Operabons SOP FO 13, Contamemahon, 
Preservmg, Handhg, and Shppmg of Soil and Water Samples (EG&G 1992c) Sample 
analyses wdl be performed usmg standard methods as specified m the GRRASP (EG&G 
1991g) 
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7. QUALITY ASSURANCE AND QUALITY CONTROL 

Section 6 presents the SAP for the Phase IJ RFVRI at OU 7 and addresses the proposed 
field activibes and locations as well as the proposed analytical suites for the samples to 
be collected dmng the field mvestigation QNQC objecbves for data collecbon, 
analytical procedures, data-quality calibrabon, and data reducbon, validation, and 
reportmg are mcluded m the QAPjP (EG&G 1991h) All field and analytical 
procedures will be performed m accordance with the GRRASP (EG&G 19918) and 
appropnate SOPS (EG&G 1992c) 

\ 

7.1 Quality Control Sample Collecbon 

The objective of the QAPjP is to provide a frmework to ensure that all samplmg and 
analfical data acheve specfic data-quality standards QC samples will be collected m 
conjuncbon with the real samples to provide mformation to assess data quality The 
field QC samples to be collected durmg the Phase II mvesbgabon include field 
duplicates, field blanks, equipment rmses, and trip blanks Trip blanks generally 
pertam only to VOC analyses, whereas other QC samples may pertam to all of the 
analyt~cal parameters specfied for mvestigative samples m the S A P  

Field duplicates will be collected by the samplmg team for use as a relabve measure of 
the precision of the sample-collecbon process In addibon to evaluatmg analfical 
precision, duplicate samples will provide informabon regardmg the natural vmability 
of the sampled media as well as the precision of the samplmg methods 

Field blanks of distilled water will be prepared and preserved as appropriate by the 
sampllng team and will be used to provide an mdicabon of any contammation 
mtroduced d u n g  field sample preparation 

Equipment m e s  will be collected from fmal decontammabon rmse water to evaluate 
decontammabon efforts on non-dedicated samplmg equipment Equipment rmses are 
applicable to all analyses for water and soil samples to morutor the effecbveness of 
decontammabon procedures 

Trip blanks consistmg of disblled will accompany each shpment of water samples for 
VOC analysis Trip blanks will be stored with the group of samples with whch they 
are associated Analysis of trip blanks will mdicate possible contammabon by VOCs 
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or any problems associated with sample shpment, handlmg, or storage Information 
from the tnp blanks will be used in conjunction with w momtormg data and other 
mformatton to assess the mfluence of ongomg waste operations on the quality of data 
collected Table 7- 1 presents the collection frequency for the field QC samples 

7.2 Analytical Procedures 

All samples sent for CLP Level IV analyses will be handled rn accordance with CLP 
guidelmes QC procedures for non-CLP methods will be developed as needed wmg 
standard methods 

\ 

Sensitrvity defmes the lowest concentration (detecbon h i t )  a method can accurately 
and repeatedly detect for a particular chemical or compound The requrred detemon 
lmits for CLP analyses are outlmed m Appendlx B m the QAPjP @G&G 1991h) 
Detechon lmits for non-CLP indicator parameter analyses are specfied in the 
respectwe EPA methods 

Analytical procedures and condiQons are tested usrng laboratory blanks and replicates 
Laboratory MS and MSD samples measure analyttcal accuracy by providmg data on 
matnx effects and mterferences and components mterfemg with mtrument responses 
The frequency of collection and analysis of laboratory QC samples is dictated by the 
prescnbed analytical method as speclfied m the GRRASP (EG&G 1991g) 

7 3  Data Quality 

Data quahty is assessed m terms of precision, accuracy, representativeness, 
completeness, and comparability, also kuown as the PARCC parameters 

7 3 I Precision 

Precision is a quanbtatwe measure of vanability that is evaluated by comparmg 
analfical results for real samples to analytical results for correspondmg duplicate 
samples Analytml precision for a smgle analyte is expressed as the RPD between 
results of duplicate samples (and matnx splke duplicates) for a gwen analyte RPDs 
mdicate the degree of reproducibility of both the samplmg and analysis methods The 
control h i t s  that have been established to achleve precision 0bjeCt;lves for CLP Level 
IV data are outlmed in Appendix B of the QAPjP (EG&G 199 1 h) Precision lmits for 
morgatllc analytes are outlmed m thls table as well The analyses for indicator 
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parameters are non-CLP Non-CLP analyses will be conducted accordmg to SW-846 
(EPA 1986) and EPA Methods for Chemical Analyses of Water and Wastes (EPA 
1983) The precision criteria for these samples are speclfied 111 the respective methods 
For the OU 7 data, acceptable RPDs are less than 20 percent for all analytes m water 
(surface water and groundwater) and less than 35 percent for all analytes m soil 
(surficial soil, subsurface geologic material, and sedunents) 

7 3 2  Accuracy 

Accuracy is a measure of the closeness of a reported concentrahon to the true value 
Analyt~cal accuracy is expressed as percent recovery of a splke of a known 
concentrahon that has been added to an envlronmental sample before analysis The 
control lunits that have been established to acheve accuracy ObjectIves for CLP Level 
IV data are outlmed m Appendix B of the QAPjP (EG&G 1991h) Accuracy lunits for 
morgmc analytes are listed m th~s table as well The OU 7 QC crrterion for acceptable 
percent recovery m CLP Level IV data IS 80 percent to 120 percent for all analytes 111 

all media 

\ 

Samples requmg 24-hour turnaround (that Is, indicator parameter analyses) have 
accuracy objectives consistent with CLP Level III data quality The analyses for 
mdicator parameters are non-CLP Non-CLP analyses will be conducted accordmg to 
SW-846 (EPA 1986) and EPA Methods for Chemical Analyses of Water and Wastes 
(EPA 1983) The accuracy criteria for these samples are specified m the respectwe 
methods 

7 3 3 Representativeness 

Representahveness is a qualitative parameter that expresses the degree to wluch the 
data accurately and precisely represent the characteristxs of a part~cular site or 
condibon Of specrfic concern to the OU 7 Phase II mvestigahon is the potential for 
sample contammabon that could be introduced during sample collection and handlmg 
Ths possibility is evaluated using field blanks, equipment rmes, and trip blanks 
Representatwen& is ensured through the careful development and review of the 
samplmg strategy outlmed m the SAP and SOPS for sample collechon, analysis, and 
field data collechon 

-~ 
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7 3 4 Completeness 

Completeness is a measure of the amount of usable data resultmg from a data- 
collection activity The target completeness objectwe for both field and analytical data 
for this project is 100 percent The m m u m  acceptable completeness value is 90 
percent 

7 3 5 Comparability 

Comparability expresses the confidence with whch one data set can be compared to 
another Differences m field and laboratory procedures greatly affect comparability 
Comparability is ensured by mplementahon of an approved SAP, standardized 
analytical protocols, SOPs for field mvestigahons, and reportmg data m urnform units, 
as specfied m the OU 7 Phase II S A P  

7.4 Sample Management 

Sample management is a critical component of the OU 7 Phase 11 SAP and ensures that 
sample mtegnty is mutamed from sampling through analysis All aspects of sample 
management, mcludmg samplmg, decontaminatmg equipment, preservmg and storing 
samples, followrng cham-of-custody procedures, and shppmg will be conducted in 
accordance with applicable SOPs (EG&G 1992c) Table 7-2 lists the contamer types, 
preservation methods, and holdlng times for samples and/or sample suites for each 
media 

Sample control and documentation is necessary to vergy the quality and quantity of 
work performed m the field and to ensure that the data are defensible Documents used 
for accountability mclude logbooks, data-collection forms, sample labels or tags, 
cham-of-custody forms, photographs, and analytmd records and reports Specific 
guidance defitllng the necessary sample control, identdkabon, and chamof-custody 
documentabon is presented ln SOP FO 13, Contamerimg, Preservmg, Handling, and 
Shppmg of Soil and Waste Samples (EG&G 1992c) 

7.5 Data Reduchon, Validahon, and Reporting 

Field measurements, data, and observations will be recorded m project logbooks, on 
field data forms, or on smilar permanent records, as specified m appropriate SOPs 
(EG&G 1992c) Field data and sampling records will become QA records Field QA 
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records will be transmitted to the EG&G EMD records center in accordance with SOP 
FO 02, Transmittal of Field QA Records (EG&G 1992c) 

Field data will be managed as outlmed in SOP FO 14, Field Data Management (EG&G 
1992~) Field data will be collected, recorded, entered mto electrolvc format, 
validated, transmitted to EG&G, and filed m WEDS Sample traclung lnformation 
will also be entered mto electromc format, validated, transmitted, and filed in the 
database Computer hardware and software requlrements and data security measures 
will also follow guidelmes m the SOPS (EG&G 1992c) 

The EPA-CLP sample results will be reported as speclfied m the GRRASP (EG&G 
1991g) and m guidance for providmg electromc deliverable laboratory data to WEDS 
@G&G 19911) Laboratory data will be validated by an lndependent subcontractor m 
accordance with EPA guidelmes for CLP data @PA 1988a, EPA 1988b) Non-CLP 
data wll be validated m accordance with guidelmes developed by EMD at Rocky 
Flats Data will be assigned validation codes that will subsequently be used to 
determme data usability for developmg the IM/IRA decision document and selecting 
remedial acaons 
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Equipment nnse 
Tnp blank' 
Tnplicate sample (benthic 
samples)s 

Table 7-1 
Field Quality Control Sample Collecbon Frequency 

minimum of 1 per 20 real water 
samples) 
1 per 20 real samples or 1 per days 
1 per 20 real water samples 
For each sampling srte 

QC Sample I FWUSW 
Field duplicate I 1 per 10 real samples or 1 per I I sampling event' 

I 1 per shipping container (or a Field blank2 

' whichever 1s more fiequent 

For samples to be analyzed for mo-c compounds 

Whichever 1s more frequent for each speclfic sample ma- bemg collected 
when nondedxated s a m p h g  eqwpment 1s used 

For samples to be analyzed for orgatllc compounds 

For samples collected for &sue analysls 

' 

' 
' 
Source EG&G 1991g 
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PCBs 
Metals (TAL) 

Table 7-2 
Sample Contamers, Preservahon Methods, and Holding Tames 

Tefiona4ined ghss vial I 40 days aRer extraction ' 
lx8-02widenouth I Cool, 4% 180 days' 

f PMia Pirnmrtar CoRtpdnw Prwwmve 

SoiVSediment vocs 1 X40ZWldMnouth Cool, 4% 7 days 
Tefiona4ined glass vial 14 days 

SVOCs, Pestkides, and 1 x 8-02 widemouth Cool, 4% 7 days untll extraction, 

PCBs 
Metah (TAL) 

borne 40 days after extraction 
1 x 1 f - polyethybm Nitric acid pHe2, Cool 
bottle 4°C 

180 days' 

SVOCs, Pesticides, and I 7 days untll extraction, 

Cyankk 

Anions 

sulm 

N h l  

TDS 

Radionuclides 

1 x 1 f - polyethybm Sodium hydroxide' 14 days 
bow pHr.12, Cool, 4% 
1 x 1 L - polyethybm Cool, 4% 14 days 
bottle 

1 x 1 1 - polyelhybna 
bow sodium hydroxide to 

1 x 1 1-  polyethybns Cool, 4% 48 horn 
bottle 
1 x 1 1 - polyethylme Cool, 4% 48 houn 
bottle 

180 day8 1 x 1 f - polyethybne 
borne 

1 mL-zinc acetate 

pH>9, Cod, 4% 

7 days 

Nih.lc acid pHQ 
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Definibons 

HCL 
mL 

02 

PCBs 
svocs 
TAL 
TDS 
VOA 
vocs 
f 

Source 

hydrochlonc acid 
milliliter 
ounce 
polychlonnated biphenyls 
semivolatile organic compounds 
target analyte list 
total dissolved solids 
volable organic analysis 
volatlle organic compounds 
liter 

EG&G lW1g 

. 

~ 
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